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ABSTRACT 
Drought is a major limiting factor for plant growth and crop production. It is essential 
to understand and control transgene expression in plant transformation and 
biotechnology. The aim of this study was to develop drought tolerant crops especially 
wheat. Promoters play a pivotal role in controlling gene expression. Introns and 
sequences surrounding translation initiation codons are important cis-elements that 
modulate the expression of genes in drought stress. Using both GFP and GUS as 
reporter genes, expression pattern of rice SalT promoter was characterized in barley. 
Agrobacterium mediated method was used to transform SalT-GUS and SalT-GFP 
constructs in barley. Promoter activity was tested in embryo, callus, Leaf, shoots and 
root of barley. GFP and GUS under SalT promoter were observed in all plant parts. 
On the basis of these results, DREB1A gene was cloned under SalT promoter to 
express first in tobacco and then in wheat. In an attempt to develop drought tolerant 
tobacco, an expression cassette containing the Arabidopsis DREB1A cDNA under the 
Figwort Mosaic Virus promoter (FMV) and SalT promoter was transformed into 
tobacco via Agrobacterium mediated transformation. FMV is a strong and constitutive 
promoter while SalT is an inducible promoter that can be used for enhancing 
expression of AtDREB1A gene in tobacco. Putative transgenic T0 plants were 
confirmed by PCR and copy number was determined by Southern hybridization. RT-
PCR confirmed the expression of gene in transgenic plants. Selected single copy 
transgenic plants were further analyzed for drought stress tolerance at T1 generation. 
Seed germination results showed that transgenic tobacco seeds of both FMV-
DREB1A and SalT-DREB1A were able to germinate on 20 % PEG and 300 mM 
mannitol while wild type seeds failed to germinate. Different physiological tests 
demonstrated enhanced tolerance to drought stress in transgenic tobacco plants than 
their wild type counterparts. Transgenic tobacco plants of both constructs showed 
enhanced drought tolerance and produced more seeds than control plants when water 
was withheld for 10 days. The present investigation clearly showed that 
overexpression of the AtDREB1A gene under FMV and SalT promoters enhanced 
drought tolerance in transgenic tobacco and offers applications in developing drought 
tolerant crops. Based on the results in tobacco, three drought responsive constructs 
(SalT-DREB1A, rd29A-DREB1A and LEA-SUT2) were transformed in wheat. 
Wheat transformation was done through Agrobacterium mediated method. Putative 
transgenes were confirmed by PCR and Southern hybridization. One to four copies of 
insertions were found in Southern hybridization analysis. Single copy plants were 
selected for further analysis. RT-PCR showed the expression of transgene while no 
expression was observed in wild type. Osmotic stress (by mannitol) showed higher 
seed germination in transgenic wheat plants of all constructs than wild type. 
Transgenic progenies obtained significantly more number of tillers, increased flag leaf 
area and 1000 grain weight than wild type. Similarly physiological results indicated 
that most of the transgenic plants of all constructs gained higher relative water 
content, photosynthetic rate, stomatal conductance, transpiration efficiency than wild 
type plants. The present research clearly showed that over-expression of the 
AtDREB1A gene under rd29A and SalT promoters and HvSUT2 gene under LEA 
promoter enhanced drought tolerance in transgenic wheat. This study offers 
applications to grow transgenic wheat in drought prone environment for food security.  
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INTRODUCTION AND REVIEW OF LITERATURE 
1.1.  Economic importance of wheat 
Wheat is an important cereal crop which is grown in the temperate zone and it is 
staple food of 35 % population of the world. It is grown on 17 % of the world’s 
cultivated land that is equivalent to 220 million hectares (Kronstad, 1997). Wheat 
production of the world was about 659 million metric tons in 2012 (FAO, 2013). 
Ninety percent wheat crop of the world is commonly known as durum wheat (T. 
durum Desf.) and bread wheat (T. aestivum L.). Wheat is further classified as spring 
or winter, soft or hard, and white or red (Briggle and Curtis, 1987). Wheat has 
remained a main food source for human beings for long period due to its several 
appropriate abilities like as simple harvesting, ease in transportation, easy seed 
storage for next season, less effort needed for consuming and producing the several 
kinds of food products and easy in digestion process. It contains much more protein 
(> 10 %) than corn or rice, 2.4 % lipids and is rich in complex carbohydrates (79 %), 
having a lot of energy and source of fiber for humans. The whole meal contains 
several B vitamins including thiamine, niacin and riboflavin), vitamin E and some 
micronutrients and minerals such as zinc, magnesium, phosphorus, potassium and 
iron). Population of the world is presently growing by about 100 million per year and 
is predictable to surpass 10 billion by year 2050. There is great need to double food 
production from the same amount of arable land. Moreover, an increasing trend in 
per-capita income and resulting changes in the diet requirement has been predicted 
(Tilman et al., 2002).  
1.2. Uses of wheat 
The maximum amount of wheat produced to be used as a human food. Amid the food 
crops, it is one of the richest sources of protein and energy for the whole world. 
Ninety percent of the hexaploid wheat is now used for the production of bread and 
other bakery products such as bread, cakes, biscuits and pastries. Almost all of the 
remaining 5 % is durum wheat (tetraploid) which is used largely for the production of 
pasta, macaroni and biscuits (Wiese, 1987).  On the other hand limited use of wheat is 
Chapter 1                                                               Introduction and review of literature 
 
2 
 
in animal feeds (Briggle and Curtis, 1987). Wheat processing at flour mills also 
produces by-products that have been used in poultry rations. 
1.3.  Importance of wheat in Pakistan 
Agriculture is the largest sector in the economy of Pakistan. Eighty percent (more 
than four million) farmers grow wheat on 40 percent of the cropped area (Faruqee et 
al., 1997). It contributes 12.5 percent of value addition in agriculture and 2.6 percent 
of GDP (GOP, 2012-13). In case of Pakistan, wheat as staple food grains, supplies 
more than 70 percent of the calories and protein in the average diet intake. Pakistan 
Agricultural Research Council (PARC, 1989) estimated that the country’s 
consumption of wheat is 120 kg per capita per year, which is highest in the world. 
Wheat is also the key essential commodity as a source of income in rural areas of 
Pakistan (Opdam and Cornelisse, 1982). Wheat is grown on an area of 8.7 million 
hectares and a wheat crop of 24.2 million tons was obtained (GOP, 2012-13). That is 
why wheat occupies the central position in the formulation of agricultural policy of 
Pakistan. 
1.4. Constraints in wheat production 
Most of the land resources of the world are located in arid and semi-arid regions. In 
these regions, drought is the most serious constraint for crop production. The problem 
of drought is acute in developing world where about 37 % of the wheat growing areas 
are located in semi-arid regions having low precipitation (Rajaram, 2001). In 
Pakistan, about 20 % of agricultural land is rain-fed. The wheat yield in rain-fed areas 
is very low (505 kg/ha). Wheat crop in rain-fed areas suffers from serious drought 
stress throughout the cropping season. According to Kramer and Turner (1980), the 
global losses in wheat yield due to drought and salinity are more than those caused by 
all other factors together. Regions where wheat is cultivated under additional 
irrigation are also hit by terminal drought during the last phases of plant growth. This 
drought stress causes a significant decrease in wheat yield. Improvement of water 
supplies for irrigation to arid regions is not cost-effective. In Pakistan, the wheat belt 
receives less winter rainfall. The current wheat productivity in drought-affected areas 
does not meet the need of the ever increasing population of Pakistan (Saleem, 2003). 
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Rosegrant et al. (2001) and Lantican et al. (2003) estimated that food grain demand is 
proposed to increase by 49 % between 1997 and 2020 in developing countries. 
1.5. Abiotic stresses and crop production   
Abiotic stresses are the major constraints to reduce the crop yield globally. More than 
50 % of major crops reduced their average production due to these stresses (Boyer, 
1982; Bray et al., 2000). Abiotic stresses such as heat, salinity and drought 
considerably reduce the crop yield.  All of these stresses are mostly interlinked and 
may induce/bring some cellular damage (Ingram and Bartels, 1996). Drought and 
salinity happen naturally in tropical habitats affecting more than ten percent of arable 
land, increasing salinization and desertification speedily world-wide and decreasing 
average yields of most important crops by more than 50 % (Bray et al. 2000). It is 
generally considered that abiotic stresses are the major cause of reduction in crop 
production. (Boyer, 1982; Munns and Tester, 2008; Reynolds and Tuberosa, 2008). 
The potential crop losses are estimated at 40 % due to high temperature, 20 % due to 
salinity, 17 % due to drought, 15 % due to low temperature and 8 % due to other 
factors (Rehman et al. 2005; Ashraf et al., 2008). Human health and crop productivity 
of one third of the world are mainly affected by drought and salinity. These two 
abiotic stresses are extensively spreading in many countries and it is expected that 
above 50 percent of arable lands will be affected due to drought and salinity by year 
2050 (Ashraf and Wu, 1994).  
1.6. Drought   
Drought is a key abiotic stresses that restricted the crop production worldwide. Signal 
transduction, transcriptional regulation and gene expression has helped to elucidate 
the mechanism of drought tolerance in plants (Zhu et al., 2010). With the reduction in 
water availability, demand for food is increasing at an alarming rate. Growing 
population pressure is expected to make worse due to adverse effects of drought 
(Somerville and Briscoe, 2001). Drought severity is irregular as it is influenced by 
many factors such as amount and dispersal of rainfall, evaporative demands and water 
storage ability of soils (Wery et al., 1993). According to UN, nearly 1.2 billion 
population of the world live in regions of physical water shortage. Another 1.6 billion 
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people face economical water scarcity. In addition; it is predictable that 1.8 billion 
people will live in areas with complete water shortage by 2025 (FAO, 2007). 
Agriculture presently uses seventy five percent of the total worldwide consumption 
(use synonym) of the water (Molden et al., 2007). Water is most important for plant 
growth and makes up 75 to 95 % of plant tissue. A huge volume of water travels 
throughout the plant regularly. Plant takes water and carbon dioxide to procedure 
sugars and complex carbohydrates. Water acts as a support element through turgor 
and as an intercellular reaction medium (Ashraf and Harris, 2005). It is estimated that 
wheat (Triticum spp.) needs 900 liters of water, maize (Zea mays) 1400 liters and rice 
(Oryza sativa) 1900 liters to produce one kg of grains (Pimentel et al., 1997). 
1.7. Drought in Pakistan  
The total geographical area of Pakistan is about 79.61 million hectares, out of which 
only 21.99 million hectares are cultivated while 9.31 million hectares remain 
cultivable waste. The cultivable waste is an arid and semiarid land mass and is 
primarily used as rangeland but with very low productivity. Pakistan is located in 
semi-arid region of the world with an average rainfall of under 240 mm. According to 
benchmark water scarcity indicator (the Faulenmark Indicator), Pakistan’s estimated 
current per capita water availability of around 1066 M
3
 places it in the “highest water 
stress category” (GoP, 2009-10). During 1998-2001, Pakistan faced one of the worst 
droughts of its history due to extremely low rainfall (Chaudhry, 2001). Increasing 
incidents of drought, desertification, deforestation and soil erosion are presenting a 
serious threat to arid and semiarid regions in Pakistan (Akhtar, 2000a, 2000b). The 
severe drought caused disaster in 58 out of the total 106 districts of the country, 
particularly affecting the rain-fed and rangeland areas. The maximum twenty three 
districts of Baluchistan were affected by this drought (GoB, 2003; Hussain, 2004). In 
the same way, Dadu, Thar and Thatta in Sindh while Cholistan in Punjab were the 
major areas which were affected by prolonged dry spells. Food crisis was faced in 
these affected areas and as a result over 3.3 millions of families had moved around to 
safe areas. This undesirable impact of drought were not only remained in affected 
areas but were reflected all over the country which caused enormous damage to the 
national economy worth billions of rupees apart from disordering the socio-economic 
makeup.   
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1.8. Drought tolerance mechanisms  
Numerous biochemical, molecular and physiological responses are induced by 
drought stress in plants to adjust in stressed surroundings (Arora et al., 2002). The 
response of plant to drought stress are different which usually depends on the time 
duration and level of water loss, the age and stage of development, the species and 
genotypes, the organ and cell type and the cellular compartment (Bray, 1997).. Plants 
respond to osmotic stress through escape, avoidance or tolerance strategies (Levitt and 
Levitt, 1972; Turner, 1986) or through a combination of different responses (Chaves 
et al., 2003).  
1.7.1 Drought escape  
Drought escape depends on successful completion of reproduction before the arrival 
of acute stress. Plants shorten the life cycle with high growth rates and gas exchange, 
using optimum resources during moisture stress in soils (Mooney et al., 1987).  
1.7.2 Drought avoidance  
This includes reducing transpiration by regulation of stomatal conductance, reduction 
in absorbed light through rolled leaves, reduced canopy leaf area and maximum 
uptake of water (increasing investment in the root, re-allocation of the nutrients stored 
in older leaves and higher rates of photosynthesis) during stress (Chaves et al., 2003). 
1.7.3 Drought tolerance  
In the case of plants, drought tolerance is achieved through physiological, 
biochemical and molecular modifications at the cellular levels. These modifications 
may encompass osmotic regulations and development of extra rigid cell walls or 
reduced cells (Morgan, 1984, Wilson et al., 1980). 
1.9. Strategies for improving drought tolerance in crops  
Plants respond and adapt to the abiotic stresses with various of phonologic, 
physiological and biochemical adjustments referred as tolerance and avoidance (Khan 
and Beena, 2002).  Drought avoidance and tolerance mechanisms, both contribute 
develop ability of a plant to survive under drought conditions, although it depends on 
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the severity and frequency of drought (Alpert, 2000; Otte, 2001). In response to the 
different stress factors, there is expression of various genes that activate several 
signaling pathways in plants (Agarwal et al., 2006). Exploring and understanding 
various mechanisms by which a plant respond to the external signals to trigger 
adaptive responses is critical for the development of stress tolerance in crop plants  
1.9.1 Conventional breeding  
Crop improvement through conventional breeding has dramatically increased food 
production and created thousands of today’s crop varieties to meet a highly diversified 
demand of agricultural products. In conventional breeding, the genes pre-existing 
within species or its close relatives are brought together by sexual crossing and plants 
with desired characteristics are then selected. Because the recombination of genetic 
elements through mating and selection is not precise, the newly developed crop, more 
or less, will contain some undesirable genes. This affects the effectiveness of the 
breeding process (Shou, 2003). There are other hurdles in conventional breeding such 
as lack of germplasm with the desired traits, difficulties in establishing selection 
conditions and the complexity of the resistance mechanisms (Flowers and Yeo, 1995). 
Consequently, this has brought about limited crop varieties with the improved stress 
tolerance (Flowers, 2004). that can be attributed to the quantitative nature of salt 
tolerance (Quesada et al., 2002). 
Breeding work in wheat is also time consuming and laborious with 8 years requiring 
to complete selection cycle for getting new variety. Furthermore, improved variety 
can only be cultivated commercially several years later, when enough seed sets are 
available for large scale cultivation. So, conventional breeding along with recent 
biotechnology techniques are being used to develop improved wheat varieties.  
1.9.2 Genetic engineering  
Genetic engineering is a DNA recombination technique that allows gene transfer 
between unrelated genera or species. This technique has also been used in crop 
improvement. Compared with the conventional breeding, genetic engineering has its 
own advantages. Firstly, it extends genetic base because theoretically genetic 
engineering can transfer agronomical useful genes from any organism. Secondly, it is 
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more effective because it avoids the problem of linkage drag associated with the 
conventional breeding and it is less time consuming.   
In comparison to the classical methods of crop improvement and marker assisted 
selection, the genetic transformation is more attractive and quick solution for 
developing stress tolerant plants (Dunwell, 2000; Wang et al., 2003). To date, many 
insect and herbicide resistant transgenic crop varieties have been developed and 
commercialized to combat with pests and weeds.  Similarly for crop improvement for 
abiotic stress tolerance, various stress proteins and enzymes for the activation of 
biosynthetic pathways have been reported (McCue and Hanson, 1990; Bohnert and 
Jensen, 1996; Blumwald, 2000, Hong et al., 2000).      
1.9.2.1 Tissue culture   
Tissue culture is regeneration of plants from any part of plant. Tissue culture is a pre-
requisite for genetic transformation. The totipotency, ability of any plant part (cell, 
tissue and anther culture) to develop into an individual plant is used as a tool crop 
improvement (Green, 1977; Vasil, 1987). The tissue culturing of dicots has been 
reported as simple as compared to tissue culturing of monocot plants (Reinert and 
Bajaj, 1977). In cereal species, the regeneration of whole plant is possible using 
embryo as explant. Tissue culturing and regeneration has been reported in maize 
(Duncan et al., 1985), rice (Redway et al., 1986), barley (Luhrs and Lorz, 1988) and 
wheat (Redway et al., 1990; Vasil et al., 1990).  
LaRue, (1949) reported successful tissue culture from endosperm of cereals. Shimada 
et al., (1969) reported wheat tissue culturing and callus formation from single cell. 
Özgen et al., (1996) reported callus formation from immature and mature embryos of 
seven wheat genotypes on MS media containing 2, 4 D. He found that callus 
formation frequency was higher in immature embryos but low regeneration capacity 
as compare to mature embryos. In another study it was reported that plant 
regeneration through embryo is greatly influenced by genetic factors and tissue 
culture medium (Uppal et al., 1996). Earlier calli was also induced from young spikes, 
stem and nodes of wheat (Lu, 1992). Viertel and Hess, (1996) used wheat shoot tips 
and established embryonic callus. Wang et al. (1988) reported callus induction and 
regeneration of winter wheat from protoplast that was derived from cell suspension 
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culture. Later, Vasil et al. (1990) also reported successful regeneration from protoplast 
derived from suspension culture of immature embryos. In the same year Bhaskaran 
and Smith (1990) were also successful in establishing regenerable cell cultures in 
cereals. One of the key factor in controlling growth and morphogenesis is the 
concentration of growth regulators in culture medium with high auxin and low 
cytokinin concentration were reported.  
Better shoot regeneration is obtained on the growth medium without any growth 
hormones or containing very low concentration of 2, 4 D (Bennici et al., 1988; 
Chawla and Wenzel, 1987). Shoots with subsequent roots are developed through 
regeneration from somatic embryogenic cells or adventitious buds (Bhaskaran and 
Smith, 1990). Sometime plantlets are regenerated directly from organs (Li et al., 
1992). The frequency of regeneration increased with low light intensity during callus 
induction but proportion of green plantlets decreased (Ekiz and Konzak, 1993).  
1.9.2.2 Genetic transformation 
Plant genetic transformation has profound impact on various aspects or basic as well 
as applied research for the production of crop plants with various new and useful 
agronomic traits. The creation of variability and production of new crops with 
improved traits has been made possible with genetic plant transformation (Vasil, 
2008). Recently plant transformation has become an essential tool for identification 
and functional characterization of novel genes. Various plants parts have been used 
for callus induction and plantlet regeneration (Haliloglu, 2006). 
1.9.2.3 Wheat transformation  
Wheat is the latest major transformed crop using biolistic method and first transgenic 
plants were reported about two decades before (Vasil et al., 1992; Becker et al., 
1994). Particle bombardment remains a vigorous and proficient method for genetic 
transformation of wheat (Altpeter et al., 2005) but sites of DNA integration are 
complex. On the other hand, Agrobacterium mediated transformation is an extremely 
effective, economical and simple method alternative to particle bombardment. 
Wounding and chemical inducers like Acetosyringone have induced vir genes 
necessary for gene transfer (Mahalakshmi and Khurana, 1997). First stable 
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transformation of wheat was reported through Agrobacterium mediated method by 
Cheng et al., (1997) and this  method developed a system for the generation of 
transgenic plants in 2.5 to 3 months. Single copy was integrated in about 35 % of 
transgenic plants and transformation efficiency was 0.14 to 4.3 %.  
Jones et al., (2005) investigated and modified several factors that affect T-DNA 
delivery and regeneration in tissue culture in wheat. A new methodology was 
developed for Agrobacterium transformation of wheat and produces over one hundred 
transgenic lines of wheat. Average transformation efficiency was about 1 % and this 
method takes 9-12 weeks from embryo isolation to shifting of transgenic plantlets in 
pots. 
Hensel et al., (2009) modified the protocol for Agrobacterium transformation of 
wheat using immature embryos and complete process from growing donor plants to 
the harvest of T1 seeds of primary transgenic lines in 66 weeks. They got 2-10 % 
transformation efficiency in wheat. Genotype, explant source, medium compositions 
and transformation methods highly affect the efficacy of stable wheat transformation 
(Abdul et al., 2010). 
1.10. Function of drought stress inducible genes 
Several drought responsive genes have been reported to be induced during osmotic 
stress conditions. These genes are not only involved in the protection of cells by 
producing important metabolic protein but also involved in signal transduction. 
Shinozaki et al. (2003) divided drought related genes into two groups. In the first 
group, genes related to protein that functions in stress tolerance (proline, water 
channel proteins, glycine betaine, chaperons, LEA proteins etc.) are included.  The 
second group includes protein factors involved in signal transduction and expression 
of genes in response to the stresses (transcription factor, protein kinases etc). 
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Figure 1.1. Fuction of drought stress-inducible genes in stress tolerance and response 
(Shinozaki and Yamaguchi-Shinozaki, 2007). 
1.10.1 Transcription factors  
Transcription factors (TFs) are proteins that block RNA polymerase way to the 
template of DNA. The expression of many downstream genes are up-regulated by 
interacting these TFs within promoter regions of many stress responsive genes which 
impart abiotic stress tolerance (Agarwal and Jha, 2010). Transcription factors DREB1 
and DREB2 belong to plant-specific family AP2/EREBP (Shinozaki and Yamaguchi-
Shinozaki, 2000; Yamaguchi-Shinozaki and Shinozaki, 1993). The core sequence 
A/GCCGAC of transcription factor has been revealed to possess a cis-acting the 
promoter element, which controls the gene expression in response to salinity, cold and 
drought stresses (rearrange) in Arabidopsis (Yamaguchi-Shinozaki and Shinozaki, 
1994).  
The DREB/CBF proteins were identified in most of the plant species in response to 
abiotic stresses. There are two types of groups of DREB transcription factors present 
in Brassica napus, group I protein involved in signal transduction pathways and 
activate downstream genes whereas, group II proteins replace the group I proteins 
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later and shut the pathway in competitive mode during freezing stress (Zhao et al., 
2006). 
The DREB1 genes are thought to interact with the dehydration responsive elements 
(DRE) to encourage gene expression of stress tolerance and activates in response to 
cold as well, while DREB2 genes are believed to express in drought-responsive genes 
(Liu et al., 1998); (Seki et al., 2001). Transgenic plants are produced with little 
variation in the normal phenotype by expressing the DREB1A gene under control of 
rd29A with enhanced tolerance to abiotic stresses (Kasuga et al., 1999).  
Plants with higher tolerance to abiotic stresses are reported by the over expression of 
the DREB1A (CBF3) gene under CaMV35S promoter resulting in robust expression 
of target stress-responsible genes in the transgenic plants (Liu et al., 1998; Kasuga et 
al., 1999; Gilmour et al., 2000). Transgenic plants expressing AtDREB1A gene 
showed more transpiration rate than the untransformed control under water stress 
conditions (Bhatnagar-Mathur et al., 2007).  
The stress inducible over-expression of DREB1A enhances root growth more 
vigorously in transgenic groundnut than in the wild type and also increases the 
extraction of water from deep layer of soil (Vadez et al., 2012). A combination of 
DREB1A gene and  rd29A promoter decreased the adverse effect on the plant growth 
in transgenic tobacco and improved the different  kinds of transgenic  plants against 
stress tolerance (Kasuga et al., 2004). 
Expression of orthologs of Arabidopsis CBF-targeted genes were induced by 
constitutive over-expression of Arabidopsis CBF genes in transgenic Brassica napus 
and enhanced the cold tolerance of plants (Jaglo et al., 2001). Ectopic expression of 
Arabidopsis CBF1/DREB1B exhibited increased tolerance to drought, cold and 
oxidative stresses in tomato plants (Hsieh et al., 2002a; 2002b).  
OsDREB2A homolog was identified in rice and it was regularly induced by drought 
and salt stress like Arabidopsis DREB2A but little induced under low temperature 
stress (Dubouzet et al., 2003). One more transcription factor, OsDREB1B, has been 
also isolated from rice that was over-expressed in transgenic Arabidopsis under high 
temperature and cold (Qin et al., 2007). In wheat, the TaDREB1 was induced by 
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drought, cold and salinity. It was categorized as a DREB2-type transcription factor 
based on phylogenetic analysis (Shen et al., 2003). Similarly, a DREB2-type protein 
HvDRF1 was involved in ABA mediated gene regulation and also reported to 
accumulate under drought and salt stresses (Xue and Loveridge, 2004). 
Lin el al. (2005) cloned three DREB homologs (GmDREBa, GmDREBb and 
GmFREBc) from soybean and reported to bound to the dehydration responsive 
element. A DERB2 homolog (ZmDREB2A) was isolated from maize whose 
transcript was stimulated after drought, heat, salt and cold stress treatments at seedling 
stage. Chen et al. (2007) reported function of DREB genes in drought and salt 
tolerance by overexpression in soybean plants. These review suggested the role of 
transcription factor DREB in abiotic stresses.   
Sucrose Transporters 
Several abiotic stresses like dehydration, cold and salt lead to main modifications in 
carbohydrate metabolism (Hare et al., 1998; Thomashow, 1999; Wanner and Junttila, 
1999) and sugar signaling pathway interrelate with stress pathways to moderate the 
metabolism. Sugars play a significant part throughout plant growth and development 
under environmental stresses by regulating carbohydrate metabolism. Many stress 
inducible genes have been reported which are induced by glucose, showing the 
importance of sugars in abiotic stress responses (Price et al., 2004). Enzymes of 
carbohydrate metabolism regulate 31 genes in Arabidopsis under environmental stress 
(Seki et al., 2002) and sugars play an important role in gene expression as a signaling 
molecule under osmotic stresses (Ho et al., 2001). 
Sugars play a double role in plants. They are responsible for many metabolic actions 
and also involved in regulation of many genes especially which are responsible for 
photosynthesis, sucrose metabolism and production of osmoprotectants. Different 
types of sugars like fructans, raffinose and trehalose also play as protectants against 
environmental stress. Transgenic plants expressing these sugars are more tolerant to 
osmotic stresses (Gupta and Kaur, 2005) 
Sugar sensing and signaling are responsible for the growth and development of plant 
during whole life cycle beginning from germination (Gazzarrini and McCourt, 2001); 
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(Eastmond and Graham, 2001). During early seedling development and high 
accumulation of sugar may reveal adverse growth conditions at critical time for 
development which results in reversible developmental arrest that plays as a defense 
mechanism (Lopez-Molina et al., 2001). Sugars involve in regulation of growth 
activities in both carbohydrate exporting (source) and importing (sink) tissue by 
modulation of gene expression and enzyme activities.  
Sugar is the most common molecule of sucrose transported in higher plants and 
sucrose transporter (SUT) proteins mediate the transmembrane translocation of 
sucrose in most plants. The first reported SUT in higher plants was SoSUT1 cDNA 
from spinach (Riesmeier et al., 1992). Now it is believed that sucrose transporters 
located at plasma membrane play significant roles in the uptake of sucrose from the 
apoplast at many stages in sugar transport (Sauer, 2007).  
Sucrose transporter (SUT) genes have been discovered in many plants and highly 
hydrophobic proteins are encoded by SUT genes (Smeekens, 1998). Sucrose 
transporter genes have 12 transmembrane domains and belong to hexose transporter 
family present in yeast and plants (Ward et al., 1997; Rentsch et al., 1998). Immuno-
localization approach was used to study the function of SUT in tobacco, tomato and 
potato. These techniques have exposed that sucrose transporter (SUT1) is responsible 
in phloem loading and are located in plasma membrane of sieve elements (Kühn et al., 
1997)  
Sucrose is very common in plants. Sucrose is produced by maximum plants as a 
major photosynthetic product and used for long distance carbon transport. Hence 
sucrose transport in plant is highly regulated and sucrose transporters have essential 
role in regulation. A minimum of 69 sugar transporters have been discovered in 
Arabidopsis and categorized in eight large families. SUC/SUT is one of eight families 
which are further divided in three homology based sub-families: SUC2/SUT1, 
SUC3/SUT2 and SUC4 sub-families. (Shiratake, 2007) 
The group 3 sucrose transporters (SUT2) have only been discussed in eudicots up till 
now about their functions and localization. These SUT2 perform to localize to the 
plasma membrane of sieve elements and mostly highly expressed in sink tissues. 
Similarly putative vacuolar sucrose transporter was discovered at molecular level 
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through a tonoplast proteomics technique (AtSUC4 from Arabidopsis) which belongs 
to group 4 of the sucrose transporter phylogenetic tree (Sauer, 2007). On the other 
hand, Wang, (2003) immune-localized the barley HvSUT2 to the plasma membrane 
but to the tonoplast using fluorescent protein fusion was done by (Endler et al., 2006). 
Similarly SUT2 is the most important candidate gene for major quantitative trait locus 
(QTL) for increasing tuber starch and yield in potato. The genome of which is 
collinear with that of tomato (Gebhardt et al., 1991). SUT2 protein has feature of a 
sugar sensor and this protein has been localized to sieve elements that may help to 
allocate cis-sequences which are responsible in macromolecular trafficking (Barker et 
al., 2000). 
1.11. Promoters used for gene expression 
Regulated expression of transgene is an essential feature of transgenic technology. For 
high level of expression of gene, tissue specific expression of transgene is also a vital 
concern during choice of promoter decision. It has proved that promoter strength, 
stress inducible, developmental phase or tissue specificity very important for 
modifying plant response to these stresses (Bajaj et al., 1999). 
In case of stresses, some genes are needed to be expressed at high level (eg. LEA3 
protein), therefore there is need of a very strong promoter. In the case of some 
enzymes for polyamine biosynthesis, there is need to use moderately inducible 
promoters. The most commonly used constitutive promoters for the production of 
transgenic plant for abiotic stress are CaMV35S, Actin1 and Ubiquitin1. The 
constitutive promoters express the genes in all organs at all stages and cause 
abnormalities in plants under normal condition (Romero et al., 1997; Capell et al., 
1998). The constitutive production of molecular such as trehalose or polyamines can 
be metabolically very expensive for plants. In such conditions, more desirable option 
is the use of stress inducible promoters instead of constitutive promoters. In the case 
of plants, many useful promoters have been identified and well characterized as result 
of various abiotic stresses. The regulatory regions of the abiotic stress induced genes 
have been characterized to various cis and trans acting elements involved in gene 
expression under abiotic stresses (Shinwari, 1999).   
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Kasuga et al. (1999) reported that Arabidopsis rd29A and rd29B differentially 
induced under abiotic stresses. The rd29A promoter contains ABRE and DRE 
elements and rd29B includes on ABREs. Overexpression of the DREB1A under the 
control of the stress inducible promoter (Arabidopsis rd29A) showed enhanced 
growth in transgenic plants as compared to constitutive CaMV35S promoter. Stress 
inducible expression was also observed in the transgenic tomato, when Arabidopsis 
CBF1 gene was transformed under the control of the barley ABRC1 promoter (Lee et 
al., 2003). 
SalT mRNA is accumulated quickly in the sheaths and roots of mature plants and 
seedlings when treated with MS salts (Murashige and Skoog, 1962), salts (1 %), air 
drying, ABA (20 mM) and sodium chloride (1 %) (Garcia, 1996). Transgenic rice 
calli expressing SalT promoter fused with gus gene induces the equal level of 
glucoronidase activity when treated with with NaCl (0.5 or 1 %) and ABA (10 mM) 
(Boetti et al., 1999). It was observed that SalT promoter is stimulated in tested lines of 
opium poppy transgenic calli and in tobacco cells growing on ABA free medium of 
Linsmaier and Skoog (Linsmaier and Skoog, 1965). In addition, SalT promoter failed 
to activate Arabidopsis sam1 expression under inducing condition (Elleuch et al., 
2001). 
In this study, different stress responsive genes were cloned under different promoters 
and transformed in different plants. SalT promoter was characterized with GFP, GUS 
in barley and DREB1A gene was cloned under SalT, rd29A and FMV promoters and 
transformed in tobacco and wheat. Similarly LEA promoter was expressed with SUT2 
genes in wheat. 
1.12. Objectives of the study 
Pakistan is located in semi-arid region of the world with an average rainfall of under 
240 mm. Food crisis was faced in drought affected areas and as a result over 3.3 
millions of families had moved around to safe areas. This undesirable impact of 
drought were not only remained in affected areas but were reflected all over the 
country which caused enormous damage to the national economy worth billions of 
rupees apart from disordering the socio-economic makeup.   
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Wheat is the most important cereal crop of Pakistan. It is staple food of population. 
Production of wheat crop is fluctuating in Pakistan due to drought stress. Various 
strategies have been proposed for improving drought tolerance. Among these, 
conventional breeding has been found a good strategy that can help to improve 
drought tolerance in wheat. Breeders have been striving hard to develop drought 
tolerant and high yielding cultivars but no promising improvement has been observed 
in drought tolerance. Furthermore, breeding work in wheat is also time consuming 
and laborious requiring 12 years to complete selection cycle for getting a new variety. 
Genetic engineering is another strategy for crop improvement. Compared with the 
conventional breeding, genetic engineering has its own advantages. Firstly, it extends 
genetic base because theoretically genetic engineering can transfer agronomical useful 
genes from any organism. Secondly, it is more effective because it avoids the problem 
of linkage drag associated with the conventional breeding and it is less time 
consuming.   
To date, many genetically engineered crops have been developed and commercialized 
such as insect resistant cotton and maize, virus resistant potato, herbicide tolerant 
soybean and canola. For abiotic stresses, engineering of stress proteins or the enzymes 
of biosynthetic pathways associated with stress responses have been evolved as 
important methods for improving stress tolerance 
Thus following objectives were proposed for developing drought tolerant wheat. 
Initially these genes and some novel promoters were tested in model system like 
barley and tobacco. Barley is a close relative of wheat and a model system for cereals. 
It can be easily genetically transformed. It was hypothesized that SalT promoter could 
perform better under drought stress. To prove this hypothesis, SalT promoter was 
cloned with GUS and GFP genes and transformed in barely through Agrobacterium.  
Based on the results of GUS and GFP expression under SalT promoter in barley, it 
was hypothesized that this promoter could improve the drought tolerance of plants if 
cloned with drought responsive genes. To prove this hypothesis, DREB1A gene was 
cloned under SalT promoter in p6U vector and transformed in model system tobacco. 
For comparison, DREB1A gene was also cloned under constitutive promoter FMV in 
tobacco. Our ultimate goal was to develop drought tolerant wheat. Based on the 
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results in tobacco, SalT-DREB1A construct and two more constructs rd29A-DREB1A 
and LEA-SUT2 were transformed in wheat. 
This study was initiated to achieve the following objectives: 
1. To characterize the expression pattern of SalT promoter in barley (model 
system) 
2. To clone and express the DREB1A gene under FMV and SalT promoter in 
tobacco (model system) 
3. To clone and express the DREB1A and SUT2 genes in wheat 
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Figure 1.2. Flow chart for objectives and experiments. This chart indicates the flow of 
experiments according to objectives. 
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 MATERIALS AND METHODS 
The present PhD research was conducted under the supervision of Dr. Nasir Ahmad 
Saeed at Agricultural Biotechnology Division, National Institute for Biotechnology 
and Genetic Engineering (NIBGE), Faisalabad, Pakistan during 2007 to 2012. 
Cloning of DREB1A under rd29A and FMV promoters was done in CGT 6400 plant 
expression vector. This cloning work was done in collaboration with Donald Danforth 
Plant Science Centre, St. Louis, USA under Pak-US collaborative research. 
Agrobacterium mediated transformation of rd29A-DREB1A and FMV-DREB1A in 
tobacco and wheat respectively was conducted at Wheat Biotechnology Lab, 
Agricultural Biotechnology Division, National Institute for Biotechnology and 
Genetic Engineering (NIBGE), Faisalabad, Pakistan in 2008-09. Cloning of SalT 
promoter with GFP, GUS and DREB1A genes in p6U expression vector was done 
under the supervision of Dr. Nese Sreenivasulu at Stress Genomics Group, Leibniz 
Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Germany in 
2010. The cloning of SUT2 gene under LEA promoter was already done by Dr. 
Sreenivasulu. Agrobacterium mediated transformation of barley and wheat was 
conducted under the supervision of Dr. Goetz Hensel and Dr. Jochen Kumlehn at 
Plant Reproductive Biology Group, Leibniz Institute of Plant Genetics and Crop Plant 
Research (IPK) Gatersleben, Germany in 2010-11. Both constructs, SalT-GFP and 
SalT-GUS, were transformed in barley cv. Golden promise and constructs SalT-
DREB1A and LEA-SUT2 were transformed in wheat cv. Bobwhite.   
The research work was divided into three main parts according to objectives of the 
study. 
2.1. Characterization of the expression pattern of SalT promoter in barley (model 
system) 
2.2. Cloning and expression of DREB1A gene under SalT and FMV promoter in 
tobacco (model plant) 
2.3. Over-expression of the AtDREB1A and HvSUT2 genes in wheat 
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2.1. Characterization of the expression pattern of SalT promoter in barley 
This research work was done at Stress Genomics Group, IPK Gatersleben Germany 
under the supervision of Dr. Nese Sreenivasulu. This work includes cloning of GFP 
and GUS under SalT promoter, transformation and expression in barley. 
2.1.1. Cloning of SalT promoter in pNos-AB-M vector 
Cloning steps were conducted in DH5α strain of Escherichia coli (E. coli) (Sambrook, 
1989). The binary vector pNos-AB-M (3230 bp) was used for cloning of SalT 
promoter (Table 2.1) (Appendix # 33). The vector contains Ampicillin for bacterial 
(E. coli) selection. For plasmid isolation, culture of E. coli was grown in 5 ml LB 
media in 15 ml glass tube on shaker overnight at 37 
o
C. Then plasmid was isolated by 
using QAIGEN mini prep kit (Germany) (Appendix # 9).  
2.1.1.1. Amplification of SalT promoter 
For cloning of SalT promoter into pNos-AB-M vector, SalT promoter was isolated by 
PCR from the cDNA of rice. Gene specific primers having StuI restriction sites were 
used for the amplification of SalT promoter (Table 2.2). PCR reaction was conducted 
in final reaction volume of 50 µl containing 2 µl of DNA template, 1 µl of Pfu DNA 
polymerase, 1 µl of dNTPs mixture, 1 µl of gene specific primers and 10X Pfu 
polymerase buffers with MgSO4. Thermocycler (Eppendorf) was used to amplify the 
product. The PCR amplification started with an initial denaturing step at 94 
o
C for 4 
min followed by 35 cycles: 95 
o
C for 1 min, at 60 
o
C for 45 seconds and at 72 
o
C for 2 
min. After the final extension step, it was hold at 72 
o
C for 10 minutes; finally it 
cooled to 4 
o
C. The amplification products were resolved on Ethidium bromide 1 % 
agarose gel (Appendix # 2) and visualized under UV light. Bands were excised with a 
sharp blade from gel. Gel slices were eluted by using the QIAQuick gel extraction kit 
(QAIGEN) (Appendix # 10). 
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 Table 2.1. Plasmids used for cloning 
Vector Bacterial marker Origin of replication 
pNos-AB-M Ampr ColE1 
p6U Sm/Spr pVS1 
 
 Table 2.2.  Primer sequences for cloning 
GFP F  5’ A ATGTGTGCTTATTTTCTATTG 3’ 
R  5’ ATACACTCCAGTACCTATTT AGCTT 3’ 
GUS F  5’ A CAACGTCTGCTATCAGCGCGAAGT 3’ 
R  5’ TATCCGGTTCGTTGGCAATACTCC AGCTT 3’ 
SalT F 5’ AGG CTTAAGCGGAAACATCTA 3’ 
R 5’ GAATTCGCCCTTAACAAC CCT 3’ 
pNos 
M13  
 
F  5’ GGTCACGAACTCCAGCAGGA 3’    
R 5’ GACCACATGAAGCAGCACGA 3’   
p6U R 5’ CCGGTTCGTTGGCAATACTC 3’   
Nos R 5’ CGCAGCGTAATGCTCTACAC 3’    
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2.1.1.2. Restriction digestion of PCR product of SalT and pNos-AB-M vector 
Purified PCR product of SalT promoter and pNos-AB-M vector were digested with 
StuI restriction enzyme to get the required cDNA fragment of SalT promoter and 
pNos-AB-M to produce overhangs. Reagents of reaction mixture are given below.  
Ingredients          Quantity 
DNA to be digested          1-5 µg 
10X buffer          2 µl 
 StuI          2.5 µl 
 H2O  Make the volume up to 20 µl 
Reaction mixture was incubated at 37
o
C for 1 hour. After 30 minutes of incubation, 3 
µl of SAP was added to avoid the self-ligation of pNos-AB-M vector. The digested 
vector and PCR product were electrophoresed on Ethidium bromide 1 % agarose gel 
at 80V for 90 minutes and visualized under UV light. Digested fragments were cut 
with sharp blade from gel. These gel slices were eluted with QAIGEN gel purification 
kit (Appendix # 10). 
2.1.1.3. Ligation of SalT promoter into pNos-AB-M vector 
Ligation of insert into vector was done by using T4 DNA Ligase (Promega) according 
to the manufacturer protocol. The ratio of vector to insert was 3:1. The ligation 
mixture was incubated at 16
o
C for 1 hour (fast ligation). Reagents of reaction mixture 
are shown 
below. 
 
 
 
 
Ingredients Quantity 
Insert  3 µl (100 ng) 
10X Ligation buffer 2 µl 
Vector 3 µl (300 ng) 
T4 Ligase 1 µl 
H2O Make the volume up to 10 µl 
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2.1.1.4. Transformation of plasmid in E. coli 
Plasmid pNos-ABM-pSalT was transformed in E. coli cells by heat shock method 
(Appendix # 5). Then E. coli cells were incubated and shaken (180 rpm) at 37 
o
C for 
one hour. Transformed bacteria were plated (100-200 µl) on solid medium containing 
antibiotics and grown over night. 
2.1.1.5. Colony PCR to confirm the ligation and orientation 
To check the correct orientation, a colony PCR of 20 colonies was performed by 
using two sets of primers (Table 2.2). 
1. 13 Forward and Reverse   
2. SalT specific primer Forward and Nos primer Reverse 
For colony PCR, 50 µl of H2O was taken in PCR tubes. Sterile LB plate was also 
taken for streaking the colonies. Colonies were picked by sterile tips and streaked on 
LB plate. Then same tip was dipped into PCR tube containing H2O. After mixing 
well, tubes were incubated at 95 
o
C for 10 min. PCR reaction was conducted in final 
reaction volume of 50 µl comprising 5 µl of DNA template, 1 µl of Taq DNA 
polymerase, 1 µl of dNTPs mixture, 1 µl of gene specific primers (Table 2.2) and 10x 
Taq polymerase buffer with MgSO4. The PCR profile was used as mentioned in 
section 2.1.1.1 but annealing temperature was set at 52
o
C for 45 seconds. The 
amplification products were run on 1 % agarose gel and visualized under UV light. 
2.1.1.6. Culture inoculation and plasmid isolation 
A confirmed single bacterial colony was cultured in 5 ml LB broth having Ampicillin 
(50 mg L
-1
). The culture was incubated at 37 
o
C for 12-16 hours. Plasmid DNA of 
pNos-AB-M-SalT was isolated by using QAIGEN mini prep Kit (Appendix # 9). 
Restriction digestion with Stu1 enzyme was conducted to confirm the isolated 
recombinant plasmid DNA. The construct having SalT promoter was given the name 
as pNos-AB-M-SalT. The concentration of plasmid was quantified by Nanodrop (716 
ng /µl at 1.87 purity). 
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2.1.2. Cloning of GFP and GUS under SalT promoter in pNos-AB-M vector 
Gene specific primers of GFP and GUS were designed with HindIII restriction sites 
(Table 2.2). Both genes were amplified by PCR. The PCR profile was same a given 
above in section (2.1.1.1) but annealing temperature was set at 54
o
C for 1 minute. The 
amplification products were run on Ethidium bromide 1 % agarose gel and visualized 
under UV light. Then gel band was excised with a sharp knife and gel elusion was 
carried out by QIA Quick gel extraction kit (QAIGEN). 
2.1.2.1. Restriction digestion of PCR product of GFP/GUS and pNos-AB-M-SalT  
The purified PCR product of GFP and GUS genes and pNos-AB-M-SalT vector were 
digested with HindIII restriction enzyme to get the required cDNA fragments of GFP 
and GUS genes and pNos-AB-M-SalT to produce overhangs. Reagents of reaction 
mixture are given below. 
Ingredients Quantity 
DNA to be digested 1-5 µg 
10X buffer (fast digest)    2 µl 
HindIII  2.5 µl 
H2O Make the volume up to 20 µl 
 
Reaction mixture was incubated at 37 
o
C for 1 hour. After 30 minutes of incubation, 3 
µl of SAP was added to avoid the self-ligation of pNos-ABM-SalT vector. The 
digested vector and PCR product were electrophoresed on Ethidium bromide 1 % 
agarose gel at 80 V for 90 minutes and visualized under UV light. Digested fragments 
were cut with sharp blade from gel. These gel slices were eluted with QAIGEN gel 
purification kit. 
2.1.2.2. Ligation of GFP and GUS genes under SalT promoter into pNos-AB-M  
Ligation of insert into vector was done by using T4 DNA Ligase (Promega) according 
to the manufacturer protocol. The ratio of vector to insert was 3:1. The ligation 
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mixture was incubated at 16 
o
C for 1 hour (fast ligation). Reagents of ligation are 
given below. 
Ingredients Quantity 
Insert  100 ng 
10X Ligation buffer     2 µl 
Vector 300 ng 
T4 Ligase     1 µl 
H2O Make the volume up to 10 µl 
 
2.1.2.3. Transformation of plasmid in E. coli 
Plasmid pNos-ABM-SalT-GFP and pNos-ABM-SalT-GUS were transformed in E. 
coli cells as mentioned in section 2.1.1.4 (Appendix # 5) 
2.1.2.4. Colony PCR to confirm the ligation and orientation 
To check the correct orientation, colony PCR of both plasmids were carried out 
according to section 2.1.1.5 by using 2 sets of primers (Table 2.2). 
1. pNos M13 R and GFP R  2. SalT F and GFP R (for GFP) 
1. pNos M13 R and GUS R  2. SalT F and GUS R (for GUS) 
PCR reaction was performed in final reaction volume of 50 µl. The reaction mixture 
contained 5 µl of DNA template, 1 µl of Taq DNA polymerase, 1 µl of dNTPs 
mixture, 1µl of gene specific primers (Table 2.2) and 10x Taq polymerase buffer with 
MgSO4. The PCR amplification program was set according to section 2.1.1.5 but 
annealing temperature set at 55 
o
C / 1minute for GUS construct and 58 
o
C / 1minute 
for GFP construct. The amplification products were resolved on 1 % agarose gel and 
visualized under UV light. 
2.1.2.5. Culture inoculation and plasmid DNA isolation 
PCR confirmed colonies were cultured in 5 ml LB broth containing Ampicillin (50 
mg L
-1
). The cultures were incubated at 37 
o
C for 12-16 hours. Plasmid DNA of 
pNos-ABM-SalT-GFP and pNos-ABM-SalT-GUS were isolated by using QAIGEN 
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mini prep Kit. Confirmation of the isolated recombinant plasmid DNA was done by 
restriction digestion with enzyme HindIII. The construct having SalT-GFP was given 
the name as pNos-ABM-SalT-GFP and construct having GUS was given the name as 
pNos-ABM-SalT-GUS. The concentration of plasmid was quantified by Nanodrop 
(716 ng / µl at1.87 purity). 
2.1.3. Sub-cloning of SalT-GFP-Nos and SalT-GUS-Nos in plant expression 
vector 
P6U was used as a plant expression vector (Appendix # 34). This vector contained 
Ubi-hpt gene for selection. Both constructs (SalT-GFP-Nos and SalT-GUS-Nos) were 
sub-cloned in p6U vector. 
2.1.3.1. Digestion of SalT-GFP, SalT-GUS plasmid and p6U vector 
Plasmid of pNos-ABM-SalT-GFP and pNos-ABM-SalT-GUS constructs and p6U 
vector were digested with Sfi restriction enzyme to get the required fragment of SalT-
GFP-Nos and SalT-GUS-Nos to produce overhangs. Reagents for reaction mixture of 
digestion are given below.  
Ingredients Quantity 
DNA to be digested   4 µl (1-5 µg)  
10X buffer (fast digest)   2 µl 
Sfi   3 µl 
H2O   41 µl  
Total reaction    50 µl 
Reaction mixture was incubated at 37 
o
C for 1 hour. After 30 minutes of incubation, 3 
µl of SAP was added to avoid the self-ligation of p6U vector. The digested vector and 
PCR product were electrophoresed on 1 % agarose gel at 80 V for 90 minutes and 
visualized under UV light. Digested fragments were cut with sharp blade from gel. 
These gel slices were eluted with QAIGEN gel purification kit. 
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2.1.3.2. Ligation of SalT-GFP-Nos and SalT-GUS-Nos into p6U vector 
Ligation of insert into vector was done by using T4 DNA Ligase (Promega) according 
to the manufacturer protocol. The ratio of vector to insert was 3:1. The ligation 
mixture was incubated at 16
o
C for 1 hour (fast ligation). Reaction mixture for ligation 
is shown below. 
Ingredients Quantity 
Insert  100 ng 
10X Ligation buffer     2 µl 
Vector 300 ng 
T4 Ligase     1 µl 
H2O Make the volume up to 10 µl 
 
2.1.3.3. Transformation of plasmid in E. coli 
Transformation of ligation mixture in E. coli competent cells using strain DH5α by 
heat shock method as mentioned in section 2.1.1.4 (Appendix # 5) 
2.1.3.4. Colony PCR to confirm the ligation and orientation 
To confirm the ligation and orientation, a colony PCR of 20 colonies of both 
constructs were performed by using one set of primers, p6U R and GFP R and p6U R 
and GUS R. The whole process was repeated for colony PCR as mentioned above 
(2.1.1.5).  DNA sequences of different primers are given in table 2.2. 
2.1.3.5. Culture inoculation and plasmid DNA isolation 
Single bacterial colony of each ligation was used for plasmid isolation. Five ml LB 
broth containing the spectinomycin (100 μg/ml) was inoculated with a single colony. 
The culture was incubated at 37 
o
C for 12-16 hours. Plasmid DNA of recombinant 
construct was isolated by using QAIGEN mini prep Kit. The isolated recombinant 
plasmids DNA were confirmed by restriction digestion with enzyme Sfi. These 
constructs were given the names as p6U-SalT-GFP and p6U-SalT-GUS. The 
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concentrations of plasmids were quantified by Nanodrop (299.4 ng per µl and 208.7 
ng per µl at1.87 purity). 
2.1.3.6. Sequencing 
Sequencing was carried out by AGOWA genomics services (Germany) according to 
their protocol. 
2.1.4. Transformation of Agrobacterium tumefaciens 
Bacterial strain AGL-1 (Hellens et al., 2000) was used for barley transformation. 
Bacterial cells were transformed in an electroporation cuvette, containing 50 µl 
bacterial cells thawed on ice with 2 µl DNA. After electroporation (4-5 msec, 25 µF, 
2.5 kV, 200 Ohm; BioRad/USA), 1 ml SOC medium was added quickly. Composition 
of SOC medium is given below. 
Components  Quantity 
Bacto-Trypton  2 % 
Yeast extract  0.5 % 
KCl  2.5 mM 
MgCl2   10 mM 
MgSO4  10 mM 
Glucose (added after autoclaving)  20 mM 
Then A. tumefaciens cells were incubated and shaken (180 rpm) at 28
o
C for 3 hours. 
Transformed bacteria were plated (100-200 µl) on solid medium containing 
antibiotics and grown for 2 days (Appendix # 7). 
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2.1.4.1. Confirmation of plasmid transformation 
After transformation in Agrobacterium strain AGL-1, plasmid DNA p6U was isolated 
by mini prep kit. Then it was restricted by Sfi enzyme to confirm the transformation of 
cloned plasmids into Agrobacterium. Reaction mixture is given below. 
Ingredients              Quantity 
DNA to be digested              10 µl 
10X buffer                2 µl 
Sfi                3 µl 
H2O               35 µl 
Total reaction                50 µl 
2.1.4.2. Bacterial media and culture conditions 
Media for bacterial culture, either liquid or solid, were autoclaved at 121
o
C for 20 
minutes. E. coli strains were grown on LB-Medium (Silhavy et al., 1984). For AGL-1 
strain of bacteria, MGL culture medium (Garfinkel and Nester, 1980) was used for 
growth. Composition of MGL medium used for the growth of AGL-1 strain is given 
below. 
Components   Ingredients Quantity 
Sugar Mannitol 5 g L
-1
 
Amino Acid L-Glutamic acid 1 g L
-1
 
Macro-elements KH2PO4 250 mg L
-1
 
NaCl 100 mg L
-1
 
MgSO4.7H2O 100 mg L
-1
 
Vitamins Biotin 1 μg L-1 
Miscellanous Tryptone 5 g L
-1
 
Yeast extract 2.5 g L
-1
 
Adjust pH at 7 
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After autoclaving, antibiotics were added in the following concentrations: 
Carbenicillin 100 μg/ml, Rifampicin 50 μg/ml, Spectinomycin 100 μg/ml and 
Tetracycline 10 μg/ml. A. tumefaciens strains were grown at 28oC. Liquid media were 
shaken at 180 rpm in Erlenmeyer flask. Four hundred μl Cryostock cultures of A. 
tumefaciens strains were prepared in 1 ml tubes with 7 % glycerol and stored at -80 
o
C. The content of the tube was thawed when it was used for co-culture with 
immature embryos and put in 10 ml bacterial medium without antibiotics and shaken 
(180 rpm) at 28 
o
C for about 24 hours. Optical density (OD-600) was set at 0.2-0.25. 
2.1.5. Genetic transformation of barley  
Genetic transformation of barley was conducted at Plant Reproductive Biology 
Group, Department of Cell Physiology and Molecular Biology, IPK Gatersleben, 
Germany under the supervision of Dr. Goetz Hensel during 2010. The two constructs 
(SalT-GFP and SalT-GUS) were transformed into barley cv. “Golden Promise” 
according to Hensel et al., (2009). Hygromycin selection was used instead of 
bialaphos due to increased efficiency of the previous system.  
Agrobacterium-mediated transformation of barley is not genotype-independent. 
Tingay et al., (1997) established the first stable transformation system of immature 
embryos for the barley cultivar “Golden Promise”. This two kernel row barley with 
diploid genome (2n=14 chromosomes) is a semi-dwarf mutant of the cultivar 
“Maythorpe”. It contains the recessive mutation GPert, which outcomes short stiff 
straw and reduced awn length, and also has pleiotropic effects on grain size and yield. 
The cultivar shows considerable salt tolerance (Forster et al., 1994), but is susceptible 
to powdery mildew (Erysiphe graminis sp. hordei).  
2.1.5.1. Production and growth conditions of barley donor plants  
Seeds of “Golden Promise” were germinated in substrate mix (Special mischung 
Petunien substrat) in growth cabin under controlled condition (14/12
o
C day/night, 12h 
light, 20000 lux, and relative humidity ca. 80 %) for about 3 months. Osmocote (40 
g/7.5 L), a long-term fertilizer, (19 % Nitrogen, 6 % Phosphorus and 15 % Potassium) 
was applied to plants at the start of tillering. The plants were irrigated after every two 
weeks with 0.3 % Hakaphos Blau (Compo, Germany), a general fertilizer containing 
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15 % Nitrogen, 10 % Phosphorus and 15 % Potassium, until the stem elongation. The 
plants were shifted in a greenhouse cabin (18/14 
o
C day/night, minimum 25 000 lux 
for 16 h) shortly after the spikes emerged from the leaf sheath. The conditions of 
donor plant greatly affect the outcome of the experiment (Kasha K.J., 1989; 
Kuhlmann and Foroughi-Wehr, 1989). 
2.2.5.2. Material needed for barley transformation 
Following materials were needed for the isolation of immature embryos and their 
subsequent co-cultivation with A. tumefaciens. 
1. Forceps and scalpel. 
2. Six well cell culture plates. 
3. Petri dishes (ø 5.5 cm). 
4. Autoclaved pipettes and disposable tips (200–1000 μl and 1000–5000 μl). 
5. Autoclaved eppendorf tubes (2 mL). 
6. Filter paper (autoclaved). 
7. Exsicator and vacuum pump. 
8. Magnetic stirrer. 
2.1.5.3. Plant tissue culture media  
Tissue culture media protocols used for Agrobacterium-mediated immature barley 
embryo transformation and regeneration of the primary transgenic plants are based on 
the updated protocol of Hensel et al.,( 2009). Solid media were prepared from a 
mixture of the components filter sterilized in four fold concentration. Diluted phytagel 
(previously dissolved in double-distilled water and autoclaved for 20 min at 121 
o
C) 
were added for solidification. 
2.1.5.4. Seed sterilization 
Barley spikes were harvested at around 12 days after pollination for immature embryo 
isolation when these were in sheath. These were kept in water and stored at 4 
o
C for 1-
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2 days. Seeds were collected from these spikes in a bottle and sterilized with 70 % 
ethanol for 2 minutes followed by one washing. Then these were stirred in 5 % 
sodium hypochlorite for 15 minutes. Few drops of Tween-20 were also added during 
stirring. Seeds were washed with distilled autoclaved water for five times and stored, 
if necessary overnight, at 4
 o
C.   
2.1.5.5. Isolation of immature embryos  
These experiments were numbered according to their sequence. One hundred eighty 
immature embryos were isolated for one experiment and each experiment was 
repeated two times. Consequently, a total of 360 embryos were inoculated for one 
construct. All of the below mentioned immature embryo transformation steps were 
carried out under sterile laminar flow. Forceps and lanzette needle were used to excise 
the immature embryos from the caryopses by using a stereo microscope in laminar 
flow (Tingay et al., 1997). The stadium of the embryos highly determines their 
capability for transformation; the best are the ones which are transparent in the 
middle, but white on the side with a diameter of 1.5-2 mm. The embryonic axes were 
separated and 30 embryos were placed in each well of a 6-well-plate (Greiner Bio-
One Gmbh, Austria), filled with 2.5 ml co-culture medium (CCM) supplemented with 
9.8 mg L
-1
 Acetosyringone (appendix # 15).  
2.1.5.6. Co-cultivation  
CCM medium was removed with a sterile pipet from the wells and vacuum 
infiltration was carried out for 1 minute at 500 mbar (diaphragm pump MP 201 E 
from Ilmvac, Ilmenau, Germany) after adding  600 µl Agrobacterium suspension 
containing the cassette (OD range 0.2-0.25). Incubated embryos were covered for 10 
minutes. The embryos were washed with 2.5 ml CCM medium after the removal of 
Agrobacterium suspension and incubated for another 15 minutes. After another 
washing step with 2.5 ml CCM medium the plates were wrapped with para-film and 
transferred to 21 
o
C in the dark for 72 hours for co-cultivation.   
2.1.5.7. Callus induction and selection  
After 3 days of co-cultivation, the inoculated embryos were shifted on Callus 
Induction Medium (CIM), supplemented with 50 mg L
-1
 hygromycin B (Boehringer, 
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Germany) and 150 mg L
-1
 Timentin for two weeks (Hensel and Kumlehn, 2004) 
(appendix # 16). Sixteen embryos / calli were transferred on each 9-cm petri dish 
(Greiner Bio-One Gmbh, Austria ) with scutellum side facing the medium (Hensel et 
al., 2008). Calli were incubated at 25 
o
C in dark for 2 weeks.  
2.1.5.8. Regeneration  
After the callus induction stage, the acquired calli were then shifted onto fresh 
Regeneration Medium (RM), supplemented with 25 mg L
-1
 hygromycin B (appendix 
# 17), and placed under light (24 
o
C, 16/8 h light/dark photoperiod, 10000 lux) 
fortnightly for two times. During the regeneration process the developing calli 
produced plantlets. The primary plantlets were shifted into tissue culture boxes 
comprising solid RM medium added with 25 mg L
-1
 hygromycin B.  
Summary of different stages of barley transformation i.e. co-culture, callus shifting 
period, medium and conditions are given below. 
Stage       Medium Time period     Conditions 
Co-culture   CCM       60 hours       21 
o
C, dark  
Callus 
Induction 
CIM solid + 50 mg L
-1
 
hygromycin B  
     2x2 weeks        24 
o
C, dark  
Regeneration RM solid + 25 mg L
-1
 
hygromycin B       
     2x 4 weeks        24 
o
C, light 
 
2.1.5.9. Shifting of plants into pots 
After the root formation, the small barley plants were transferred to the greenhouse 
(14/12 
o
C day/night, 12 h photoperiod, 20,000 lux and relative humidity ca. 80 %) in 
6 cm diameter small pots. After confirmation, the positive lines were put in big pots 
(16 cm diameter) to be brought to maturation. To place 120 small plantlets or 20 
mature barley plants, 1 m
2
 greenhouse area was required. 
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2.1.6. Confirmation of transgenic plants 
After one week of shifting of the plants in pots, these plants were confirmed with PCR 
for the presence of gene of interest, hygromycin leaf assay to see the resistance 
against selectable marker gene (hpt) and Southern hybridization to find out copy 
number of the integrated T-DNAs. Genomic DNA was isolated from leaf for PCR and 
Southern analysis as described in (Appendix # 27).  
2.1.6.1. Polymerase Chain Reaction (PCR)  
For the confirmation of transgenes, standard PCR reaction was carried out using 
specific primers for GUS and GFP (Table 2.2). Primers were ordered from Metabion 
AG (Germany) (Table 2.2). The PCR amplification program (Eppendorf thermo-
cycler) includes an initial denaturing step at 95 
o
C for 5 minutes followed by 35 
cycles: 30 seconds at 95 
o
C, 45 seconds at 60 
o
C and 1 minute 15 seconds at 72 
o
C. 
After the final extension, it was hold at 72 
o
C for 7 minutes. Finally it was cooled to 4 
o
C. PCR reaction includes a negative and plasmid controls. The amplified fragments 
were electrophoresed on 1 % agarose gel and envisaged under UV light. 
2.1.6.2. Southern hybridization  
Southern hybridization was performed to assess the copy number of the gene 
(Sambrook, 1989) in transgenic plants using the radioactive fluorescence method. 
Plant DNA (30µg) was digested with BamHI (Promega). Genomic DNA from control 
plant was taken as negative control. The digested DNA fragments were resolved on 
0.8 % agarose gel before being moved to a nylon membrane (Hybond N+, 
Amersham). DNA gel hybridization was performed using the 730 bp PCR product of 
the Hpt gene as a probe. PCR purification kit (Qiagen, Hilden Germany) was used to 
purify PCR product and Random Primer Labeling Kit (Stratagene, Germany) was 
used for labeling of probe with [α-P32]-dCTP and hybridized at 65 °C in a 
hybridization oven for 16 hours with agitation. The membrane was washed with 2X 
solution of sodium citrate (SSC) + 0.1% SDS, 1X SSC + 0.1 % SDS and 0.1X SSC + 
0.1 % SDS at 60 
oC. An autoradiograph was taken after exposure at −80 °C overnight 
(Appendix # 28). 
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2.1.6.3. Green florescence protein analysis 
Green florescence protein (GFP) was observed in callus tissue after 15 days of 
inoculation using a Leica MZFLIII fluorescence microscope with a filter set for GFP 
Plant (Leica Microsystems, Wetzlar, Germany). It was also tested in leaves, seedlings 
and root tips. 
2.1.6.4. Histochemical analysis of GUS reporter gene  
The GUS reporter gene system is commonly used in molecular biology (Jefferson, 
1987). X-Gluc is the substrate of the ß-glucuronidase enzyme, which converts it to 
glucuronic acid and 5- bromo-4-chloro-indoxyl. The final product is then oxidised to 
5,5'-dibromo-4,4'-dichloro-indigo, a blue colored product. GUS was noticed in 
embryogenic callus and leaf tissues by incubation at 37 
o
C overnight in X-Gluc (5-
bromo-4-chloro-3-indonyl-D-glucuronide) solution. For testing leaves, the 
chloroplasts (which interrupt the blue color) were removed by alcohol at 60 
o
C for 2 
hours in water bath. Components of X-Gluc solution are given below. 
Components Concentration Comments 
X-Gluc  1 mg/ml Dissolve X-Gluc in methanol 
 
 
Set pH at 6.2-7.2 
 
Store at -20 
o
C 
Methanol 20 %  
0.5 M Na2HPO4/NaH2PO4 solution 100 mM 
0.5 M NaEDTA 10 mM 
Triton X-100 0.1 % 
K-Hexacyanoferrat (II) 1.4 mM 
K-Hexacyanoferrat (III) 1.4 mM 
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2.2. Cloning and expression of DREB1A under SalT and FMV promoter in 
       tobacco 
 
2.2.1. Cloning of DREB1A under SalT promoter in p6U vector 
DREB1A gene was directly cloned under SalT promoter in p6U vector using the 
following procedure. 
2.2.1.1. Amplification and purification of DREB1A gene 
Gene specific primers of DREB1A were designed with HindIII restriction site (Table 
2.3). Then DREB1A was amplified using gene specific primers with PCR using above 
PCR profile but Tm at 54 
o
C. The amplification products were run on Ethium bromide 
1 % agarose gel and visualized under UV light. Then gel band was excised with a 
sharp knife and was purified by using the QIA Quick gel extraction kit (QAIGEN). 
2.2.1.2. Restriction digestion of PCR product of DREB1A and p6U-SalT-GFP-
Nos  
The purified PCR product of DREB1A gene and p6U-SalT-GFP-Nos vector were 
digested with HindIII restriction enzyme to get the required cDNA fragment of 
DREB1A gene and GFP was released from p6U-SalT-GFP vector to produce 
overhang. Reagents for reaction mixture are given below.  
Ingredients Quantity 
DNA to be digested 1-5 µg 
10X buffer (Fast Digest) 2 µl 
HindIII 2.5 µl 
H2O Make the volume up to 20 µl 
Reaction mixture was incubated for 1 hour at 37 
o
C. After 30 minutes of incubation, 3 
µl of SAP was added to avoid the self-ligation of p6U-SalT-Nos vector. The digested 
vector and PCR product was run on 1 % agarose gel and visualized under UV light. 
Then gel bands were excised with a sharp knife and were purified by using the QIA 
Quick gel extraction kit (QAIGEN). 
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2.2.1.3. Ligation of DREB1A gene under SalT promoter into p6U vector 
Ligation of insert into vector was done by using T4 DNA Ligase (Promega) according 
to the manufacturer protocol. The ratio of vector to insert was 3:1. The ligation 
mixture was incubated at 16 
o
C for 1 hour (fast ligation). Reagents of reaction mixture 
are given below. 
Ingredients Quantity 
Insert  100 ng 
10X Ligation buffer 2 µl 
Vector 300 ng 
T4 Ligase 1 µl 
H2O Make the volume up to 10 µl 
 
2.2.1.4. Transformation of plasmid in E. coli 
Transformation of plasmid p6U-SalT-DREB1A-nos in E. coli competent cells as 
mentioned in section 2.1.1.4 (Appendix # 5). 
2.2.1.5. Colony PCR for confirmation of ligation and orientation 
To confirm the ligation and orientation, colony PCR of 20 colonies was performed by 
using set of primers p6U R and DREB1A R. The whole process was repeated as 
mentioned in section 2.1.1.5. 
2.2.1.6. Confirmation of cloning by restriction digestion 
The cloning of p6U-SalT-DREB1A was confirmed by digestion with Sfi enzyme. 
Reaction mixture was the same as given in section 2.2.1.2 except restriction enzyme. 
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2.2.1.7. Culture inoculation and plasmid DNA isolation 
Five ml LB broth containing the Spectinomycin (100 μg/ml) was cultured by a single 
bacterial colony. The culture was incubated at 37 
o
C for 12-16 hours. Plasmid DNA of 
recombinant construct was isolated by using QAIGEN mini prep kit as mentioned in 
section 2.1.1.6. After purification, plasmid was confirmed by restriction digestion 
with enzyme Sfi. This construct was given the name as p6U-SalT-DREB1A. The 
concentration of plasmid was quantified by Nanodrop (299.4 ng / ul at1.87 purity). 
2.2.1.8. Sequencing 
Sequencing was carried out by AGOWA Genomics Services (Germany) according to 
their protocol. 
 
2.2.1.9. Transformation of constructs in Agrobacterium  
Plasmids of SalT-DREB1A and FMV-DREB1A were transformed in Agrobacterium 
strain LBA4404 by electroporation method according to section 2.1.3.3 (Appendix # 
9). After transformation of Agrobacterium, it was grown in CPY medium (Komari et 
al., 1996). Composition of CPY medium used for the growth of LBA4404 strain is 
given below. 
Components  Ingredients Quantity 
Sugar Sucrose 5 g L
-1
 
Macro-elements MgSO4.7H2O 500 mg L
-1
 
Miscellanous Peptone 5 g L
-1
 
Yeast extract 1 g L
-1
 
                                                  Adjust pH  at 7.2 
2.2.2. Genetic transformation of tobacco 
Tobacco transformation was done at Agricultural Bioetchnology Division, NIBGE, 
Faisalabad under the supervision of Dr. Nasir A. Saeed in 2009 and 2011. Two 
constructs (FMV-DREB1A and SalT-DREB1A) were used to transform in tobacco. 
Agrobacterium mediated plant transformation method was used for producing 
transgenic tobacco. In present study, Agrobacterium tumefacien strain LBA4404 
(Lazo et al., 1991) was used for transformation.  
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2.2.2.1. Preparation of explants 
Tobacco (Nicotiana tabacum L.) cultivar Samson was used for transformation. Seeds 
were surface sterilized with 30 % (v/v) commercial bleach containing 5.25 % sodium 
hypochlorite for 15 min. Seeds were washed three times with sterile distilled water to 
remove the bleach. Sterilized seeds were cultured on MS0 medium in patri plates 
(Murashige and Skoog, 1962) (Appendix # 18). These plates were incubated in 
growth room for 2-3 weeks at 25 ±1 ºC under light.  At four leaf stage, the tobacco 
plants were shifted in jars contacting MS0 medium. Top 2-3 leaves were cut from in-
vitro grown tobacco plants in jars to make leaf discs (5-6 mm) under aseptic 
conditions and cultured on MS0 medium and incubated in growth room for 48 hours 
under dark condition.  
2.2.2.2. Agrobacterium inoculation of explants 
Leaf discs were inoculated by dipping them in the Agrobacterium cultures containing 
SalT-DREB1A and FMV-DREB1A constructs for 20-25 minutes. Leaf discs were 
removed from this culture and shifted to co-culture medium (Appendix # 19). Petri 
plates were sealed by parafilm. Co-cultured plates were placed at 25 ±1 ºC for 2-3 
days under dark conditions. 
2.2.2.3. Callus induction and shooting 
After co-cultivation, cultured leaf discs were shifted from co-culture medium to callus 
induction cum selection medium. For antibiotic selection basta (2 mg L
-1
) was used 
for FMV-DREB1A construct and hygromycin (25 mg L
-1
) for SalT-DREB1A 
(appendix # 20). Four to six leaf pieces per plate were placed on CIM cum selection 
medium. The patri plates were sealed with parafilm and incubated at 25±1 °C under 
16 hours photoperiod fortnightly. After two weeks callus was shifted to same medium 
but without selection (basta and hygromycin). When callus produced shoots, these 
plants were transferred to fresh selection medium. 
2.2.2.4. Rooting of shoots 
When shoots became larger, these were transferred to rooting medium in glass jars 
(appendix # 21) and placed them at 25 ± 2 °C under 16 hours light. 
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2.2.2.5. Transfer into pots 
When plants produced sufficient roots, these were removed from tissue culture media. 
Roots were washed with tap water to remove the medium, treated with fungicides, 
transferred to pots containing sand. Polythene bags were fitted over the pots to retain 
the humidity. These plants were kept in growth room at 25 °C under 16 hours 
photoperiod. After one week, polythene bags were detached gradually to remove 
humidity until plants were acclimatized to ambient humidity. Hardened plants were 
shifted to large pots containing normal soil. Control experiment was also performed to 
observe the effects of selection agent (basta and hygromycin). Plants were raised to 
maturity and used as control in subsequent studies. 
2.2.3. Molecular analysis 
2.2.3.1. Polymerase chain reaction (PCR) 
PCR is basic molecular technique for the confirmation of transgenes. CTAB method 
was used to isolate the genomic DNA of tobacco leaves (Murray and Thompson, 
1980) (Appendix # 27). Gene specific primers of AtDREB1A (Table 2.3) were used to 
confirm the transgenic plants. PCR reaction was conducted in final reaction volume of 
50 µl containing 2 µl of DNA template, 1 µl of Taq DNA polymerase, 1 µl of dNTPs 
mixture, 1 µl of gene specific primers and 10 X Taq polymerase buffers with MgSO4. 
The PCR amplification started with an initial denaturing step at 94 
o
C for 4 min 
followed by 35 cycles: 94 
o
C for 1 min, at 54 
o
C for 45 seconds and at 72 
o
C for 2 
min. After the final extension step, it was set at 72 
o
C for 10 minutes, finally it cooled 
to 4 
o
C. PCR reaction includes a negative and plasmid controls. The amplification 
products were resolved on Ethidium bromide 1 % agarose gel and visualized under 
UV light. 
2.2.3.2 Southern hybridization 
To assess the T-DNA copy number in transgenic plants of tobacco, DNA gel blot 
hybridization (Sambrook, 1989) was performed using the 499bp PCR product of the 
AtDREB1A gene as a probe (Table 2.3). Plant DNA (30 µg) was digested with 
BamHI (Promega). Genomic DNA from control plant was taken as negative control. 
The digested DNA fragments were resolved on 0.8 % agarose gel before being moved 
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to a nylon membrane (Hybond N+, Amersham). PCR purification kit (Qiagen, Hilden 
Germany) was used to purify PCR product and Random Primer Labeling Kit 
(Stratagene, Germany) was used for labeling of probe with [α-P32]-dCTP and 
hybridized at 65 °C in a hybridization oven for 16 hours with agitation. The 
membrane was washed with 2X solution of sodium citrate (SSC) + 0.1 % SDS, 1X 
SSC + 0.1 % SDS and 0.1X SSC + 0.1 % SDS at 60 
o
C. An autoradiograph was taken 
after exposure at −80 °C overnight. 
2.2.3.3. Reverse transcriptase PCR 
Reverse transcriptase PCR was performed to assess the expression of transgenic 
plants of tobacco. Total RNA was isolated from leaf tissues of wild type and 
transgenic tobacco lines after six days of drought stress. From each sample, 1 µg of 
total RNA was used in 20 µl cDNA preparation by using Revert Aid Reverse 
Transcriptase (Fermentas). To amplify the AtDREB1A gene, total 50 µl PCR reaction 
mix was prepared containing 2 µl cDNA template and gene specific primer pair of 
AtDREB1A gene (Table 2.3). NtActin was used as a load control using the forward 
and reverse primers as given in Table 2.3.  
2.2.4. Segregation analysis 
For segregation analysis, T1 seeds of transgenic plants were surface sterilized with 20 
% (v/v) Clorox (commercial bleach; 5.25 % Hypochlorite) followed by 3 washing 
with autoclaved distilled water. Fifty seeds from each event of transgenic tobacco and 
wild type (WT) were cultured on petri plate containing MS0 medium supplemented 
with 4 mg L
-1
 basta. Plates were kept in growth room having temperature 22 °C in the 
dark for 4 days. After 4 days, these plants were kept in the light. Basta resistant and 
basta sensitive seedlings were counted after 10 days of culturing. Basta-resistant 
seedlings were grown further and then shifted to pots for performing various 
agronomical and physiological experiments. 
2.2.5. Drought stress analysis of transgenic plants  
For drought stress analysis, T1 seeds of transgenic lines (single copy) and of wild type 
were germinated in petri plates containing sterile filter paper moistened with 0 %, 10 
% and 20 % Poly Ethylene Glycol-6000 (PEG-6000) solution. Similarly, seeds were 
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also allowed to germinate on MS medium containing 0, 100, 200 and 300 mM 
mannitol. Each PEG and mannitol treatment had three replications and after 10 days, 
germinated seeds were counted from each replicate and percent germination rate and 
growth rate was calculated. To examine the effect of osmotic stress on plant growth, 
the above 10 days old seedling of both transgenic lines and wild type were grown on 
MS agar supplemented with 200 mM mannitol in 1inch wide and 6 inch long cultured 
tubes for further 10 days.  Growth attributes such as fresh weight of seedling and root 
length of plants were recorded after 20 days.  
Twenty days old seedling of transgenic (basta tolerant) and wild type were transferred 
in pots containing sandy loam soil. These transgenic plants were exposed to water 
deficit by withholding water for 6-10 days followed by re-watering. Recovery of 
plants was recorded after 2 days of re-watering. 
2.2.6. Physiological evaluation of transgenic plants 
T1 seeds of transgenic and wild-type (control) plants were grown in pots and 
subjected to osmotic stress by withholding water and data was recorded for relative 
water content (RWC), photosynthetic rate (Pn), stomatal conductance (C), 
transpiration rate (E) and water use efficiency (WUE). For measurement of RWC, the 
leaf disks of equal size were weighed to find out the fresh weight (FW). Then these 
leaf disks were dipped in distilled water for 4 h at room temperature to recover 
turgidity. After 4 hours, the turgid leaf disks were placed on tissue paper to remove 
excessive water and weighed again for turgid weight (TW). These leaf samples were 
then oven-dried overnight at 70+2 °C and weighed for its dry weight (DW). Relative 
water content was calculated by using the formula RWC (%) = (FW−DW/TW−DW) 
×100. Infrared gas exchange analyzer portable photosynthetic system (Model C1-340; 
Analytical Development Company Hoddesdon, England) was used to determine the 
gas exchange parameters including photosynthesis, stomatal conductance and 
transpiration rate. Water use efficiency (WUE) represents the ratio of carbon 
assimilated to water lost by transpiration (Turner, 1986). It was calculated by dividing 
photosynthetic rate (Pn) by transpiration rate (E) (Todorov et al., 1992). 
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2.2.7. Statistical analysis 
Data were analyzed by applying analysis of variance (ANOVA) techniques using the 
Statistix 8.1 software. Treatment means were compared using least significant 
difference (LSD) test at 0.05 % probability level in each experiment (Steel et al., 
1997). 
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2.3. Over-expression of the AtDREB1A and HvSUT2 genes in wheat 
2.3.1. Cloning of genes under suitable promoters 
AtDREB1A under SalT promoter is mentioned above (section 2.2.1.1.). Cloning of 
AtDREB1A under rd29A promoter was done in CGT 6400 plant expression vector. 
This cloning work was done in collaboration with Donald Danforth Plant Science 
Centre, St. Louis, USA under Pak-US collaborative research. Similarly HvSUT2 gene 
was cloned under LEA promoter by Dr. Nese Sreenivasulu at Stress Genomics Group, 
IPK Gatersleben Germany.  
2.3.2. Confirmation of constructs and transformation in Agrobacterium 
Cloning of all constructs was confirmed by restriction digestion with Sfi enzyme. 
These confirmed plasmids were transformed into Agrobacterium strain AGL-1 for 
wheat transformation.  
2.3.3. Genetic transformation of wheat 
Agrobacterium mediated method was used for genetic transformation of wheat. 
Transformation of rd29A-DREB1A construct was conducted at Wheat Biotechnology 
Lab, NIBGE, Faisalabad, Pakistan. A local high yielding wheat cultivar “PUNJAB-
11” was transformed with rd29A-DREB1A construct to improve drought tolerance. 
The constructs SalT-DREB1A and LEA-SUT2 were transformed in spring wheat 
cultivar (Bobwhite Red) at Plant Reproductive Biology Group, IPK Gatersleben, 
Germany.   
2.3.3.1. Production of donor plants and growth conditions 
Seeds of spring wheat (Triticum aestivum L.) cultivar “Bobwhite Red” and Punjab-11 
were germinated in substrate mix (Specialmischung Petuniensubstrat) in growth 
chamber under controlled condition (14/12 
o
C day/night, 12 h light, 20000 lux, and 
relative humidity ca. 80 %) for 10-12 weeks. The plants were fertilized with 
Osmocote (N:P:K 19:6:15) a long-term fertilizer @ 40 g/7.5 L) at tillering stage. At 
stem elongation stage, after every two weeks the plants were irrigated with 0.3 % 
Hakaphos Blau (Compo, Germany), a general fertilizer containing 15 % Nitrogen, 10 
% Phosphorus and 15 % Potassium. The plants were placed in a greenhouse 
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compartment (18/14 
o
C day/night, min. 25 000 lux for 16 h) instantly after the 
emerging of spikes from the leaf sheath. Donor plant conditions highly influence the 
result of the experiment (Kasha K.J., 1989; Kuhlmann and Foroughi-Wehr, 1989). 
2.3.3.2. Harvesting of caryopses and seed surface sterilization 
Spikes of donor wheat plants were harvested at around 12 days after pollination for 
isolation of immature embryos.  Immature seeds were taken from spikes and stored in 
a reagent bottle and put on ice. In order to avoid the contamination in tissue cultures, 
surface sterilization of seeds was performed by immersing seeds in 70 % ethanol for 1 
minutes followed by one washing with sterile distilled water. Then seeds were stirred 
in 5 % sodium hypochlorite solution supplemented with 0.1 % Tween-20 for 15 
minutes followed by five washings with sterile distilled water and stored at 4
o
C 
overnight. 
2.3.3.3. Isolation of embryo 
Excision of immature wheat embryos from the caryopses was done under a stereo 
microscope by using forceps and lanzette needle in a laminar flow (Tingay et al., 
1997). The stage of the embryos highly determines their competency for 
transformation. The best embryos are translucent to white color with a diameter of 
1.5-2 mm.  Sixty embryos were placed per petri plate with the scutellum facing up on 
Pre-culture medium (PCM) (Appendix # 22) and incubated at 22 
o
C for 5 days in the 
dark. 
2.3.3.4. Co-cultivation of immature embryos 
A. tumefaciens strain AGL-1 containing gene of interest was cultured in 10 mL of 
antibiotic-free MGL medium in 100-mL flasks at 28 °C overnight with shaking at 180 
rpm. Sixty pre-cultivated immature embryos were collected into one well of a 6-well 
plate containing 2.5 mL liquid co-culture medium (Appendix # 23) for 2 to 4 hours at 
room temperature. Then CCM was removed, 800 μl A. tumefaciens culture (OD-600 
at 2.0) was added, and incubated for 30 minutes in the laminar hood in dark. Then 
Agrobacterium culture was removed with pipet tip and washed twice with 2.5 mL 
CCM.  Inoculated embryos were placed in a small petri plates (5.5 cm) on sterile filter 
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paper disks soaked with 400 μl CCM containing 100 mg L−1 Larcoll (Appendix # 23) 
and incubated at 21 °C in the dark for 3 days for co-cultivation. 
2.3.3.5. Callus induction and selection 
After co-cultivation, 25 inoculated embryos (per petri plate) were placed on Callus 
Induction Medium (CIM) (Appendix # 24) scutellum facing upwards and incubated at 
24 °C in the dark for two weeks. After two weeks, embryo derived calli were 
incubated for another two weeks on same medium but containing 100 mg L
−1
 
hygromycin (for LEA-SUT2 and SalT-DREB1A constructs) and 2 mg L
−1
 basta ( for 
rd29A-DREB1A construct) under the same conditions.  
2.3.3.6. Regeneration 
After four weeks of inoculation, sixteen embryo-derived calluses (per petri plate) 
were transferred to regeneration medium (RM Gills) (Appendix # 25) for two weeks 
(136 μmol s−1 m−2 photon flux density for 16 hours per day at 22 °C). The calli 
showing green tissue were carefully chosen and again shifted to RM Gills 
supplemented with antibiotics (25 mg L
−1
 hygromycin or 2 mg L
-1
 basta) for selection 
and incubated under same conditions for another 14 days for two times until shoot 
formation. After shooting, 12 plantlets with a leaf length of 2 to 3 cm were shifted in 
Plastic Box (100 mm, ø 25 mm; Schütt, Germany) containing 100 mL of RM Gills 
supplemented with 25 mg L
−1
 hygromycin for 2-3 weeks at 136 μmol s−1 m−2 photon 
flux density for 16 hours per day at 22 °C.  
2.3.3.7. Shifting of plants in pots 
The plants which grew fast and produced roots were transferred to the green house in 
small pots with 6cm diameter filled with soil (Substrat 2, Klasmann, Germany). Plants 
roots were washed in water and dried on tissue paper. Then growth powder as applied 
to roots and shifted to pots. Plants were covered with plastic lid to reduce 
transpiration. These pots were incubated/ transferred to the growth chamber (14/12 
o
C 
day/night, 12 h photoperiod, 20 000 lux and relative humidity ca. 80 %). Later, 
confirmed transgenic lines were transferred to large pots with 16 cm diameter till 
maturity under same condition. 
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Figure 2.1: Flow chart of procedure for wheat transformation 
 
 
Seed germination to post-anthesis stage (3 months) 
 
Collection of immature seeds after 12 days post-anthesis (3 hours for 600 
caryopsis) 
Isolation of immature embryos from caryopsis (4 hours for 600 embryos) 
 
Incubation of immature embryo on Pre-Culture medium (5 days) 
 
Inoculation with Agrobacterium (2-4 hours) 
 
Co-cultivation (3 days) 
 
Callus induction (2 weeks) 
 
Antibiotic selection (2 weeks) 
 
Regeneration (3-4 weeks) 
 
Root shoot development (2 weeks) 
 
Collection of T1 seeds at maturity (4 months) 
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2.3.3.8. Leaf assay  
Wang and Waterhouse, (1997) recommended an assay for the detection of HPT and 
BAR marker genes in transgenic wheat leaves. This assay was applied for wheat 
leaves. The leaves were sprayed with 70% ethanol and dipped in a 96 well plate 
containing liquid regeneration medium supplemented with 200 mg L
-1
 hygromycin B. 
The plate was covered with a polythene layer and kept in a light chamber (24 
o
C, 16h 
photoperiod, 20000 lux) for 7 days. The data was recorded for green color pigment 
intensity in transgenic lines. 
2.3.4. Molecular analysis of transgenic wheat  
 After the plants were transferred to soil, their genomic DNA was tested for the 
presence of the selectable marker gene (Ubi-Hpt) and gene of interest (DREB1A) by 
PCR. Based on the PCR results, primary transgenic (T0) lines containing SUT2, SalT-
DREB1A and rd29A- DREB1A were selected. 
2.3.4.1. Polymerase Chain Reaction (PCR)  
In order to confirm the integration for gene in wheat genome, a standard PCR reaction 
was carried out using Ubi-Hpt primers for SUT2 plants and gene specific primers for 
DREB1A plants (Table 2.3). Primers were ordered from Metabion AG (Germany). 
The PCR amplification program (Eppendorf Thermo-cycler) was the same as 
mentioned above but Tm value was 54 
o
C for DREB1A and 60 
o
C for HPT primers. 
PCR was conducted in one reaction including a negative and plasmid control. Product 
size for Ubi-Hpt fragment was 1000 bp and 651bp for DREB1A. The amplified 
fragments were run on Ethidium bromide 1 % agarose gel and visualized under UV 
light. 
2.3.4.2. Southern hybridization  
Southern hybridization was carried out to confirm the copy number of the gene of 
interest (Sambrook, 1989) using the radioactive fluorescence method as given in 
section 2.1.5.3. DNA of transgenic wheat plants having SUT2 gene was digested with 
XhoI and DREB1A gene was digested with BamHI (Promega). As a negative control 
DNA from wild type plants was also digested with these restriction enzymes.  
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2.3.4.3. Reverse transcriptase PCR (RT-PCR) 
Reverse transcriptase PCR was performed to assess the expression of transgenic 
wheat plants. Total RNA was extracted from leaf tissue of wild type and transgenic 
wheat lines 6 days after drought stress. One microgram of total RNA from each 
sample was used in 20 µl cDNA preparation by using Revert Aid Reverse 
Transcriptase (Fermentas). Two microliters cDNA template was used to amplify the 
AtDREB1A in 50 µl PCR reaction mix using AtDREB1A and HvSUT2 gene specific 
primer pair as given above.  
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Table 2.3. Primers used for confirmation of transgenic plants  
Gene Primer Sequence 
Ubi-hpt F 5′-CCGGTTCGTTGGCAATACTC-3′   
R 5′-CGCAGCGTAATGCTCTACAC-3′   
AtDREB1A F 5′-ATGAACTCATTTTCTGCTTTTTCTG-3′ 
R 5′-TTAATAACTCCATAACGATACGTCG-3′ 
HvSUT2 F 5′-GCCTCGGCTCTCGCTATCTATG-3′ 
R 5′-TCAAACAAAACCCTGCGACTTT-3′ 
DREB1A 
Probe 
F 5′-CAAACTCGGCATCTCAAACA-3′ 
 
R  5′-CGAGTCTTCGGTTTCCTCAG-3′ 
 
TaActin F 5′- CCATGTTTCCTGGAATTGCT-3′   
  
R 5′-GCACTTCATGTGGACAATGC-3’ 
NtActin F 5'-GCCACACTGTTCCAATCTATGA-3' 
R 5'-TGATGGAATTGTATGTCGCTTC-3 
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2.3.5. Drought stress analysis 
Drought experiment was conducted for transgenic wheat at Wheat Biotechnology 
Lab, Agricultual Biotechnology Division, NIBGE Faisalabad in 2011. T1 seeds of 
single copied transgenic lines were used for germination test on mannitol and grew in 
pots and field for drought stress analysis. The drought stress experiments were 
conducted as follows: 
2.3.5.1. Germination test on mannitol 
Sixteen T1 surface sterilized seeds of each event were placed on MS0 medium 
containing 4.3 g
 
L
-1
 MS salts, 30 g L
-1
 sucrose and pH 5.7 supplemented with 200 mM 
mannitol.  Wheat cv. Bob White and Punjab-11 were used as a control with transgenic 
seeds. Control and T1 seeds were allowed to germinate on 0 mM and 200 mM 
mannitol medium. After 4-6 days, experiment was observed for germination 
percentage.  
2.3.5.2. Pot experiment 
Four T1 seeds of each transgenic wheat line and four seeds of control were sown in 
pots containing soil. Two sets of experiments were conducted in pots. In the 
beginning, equal amount of water was applied to each pot at the time of germination. 
When seedlings were at 6-8 leaf stage, water was with-held up to 7 days for one 
treatment. Drought stress was recorded when plants were wilted. For second 
treatment, water was applied at its normal requirement of plants but stress was applied 
at post-anthesis stage.  Data was recorded for all these experiments. 
2.3.5.3. Field experiment 
A 200 ft
2
 plot was selected for field experiment. Plot was irrigated with canal water. 
When it attained field capacity, it was cultivated three times with cultivator and 
planked. After layout of field, 18 seeds from each event of transgenic wheat were 
planted with 6 inch plant to plant and 12 inch row to row distance. This experiment 
was conducted in two sets. In one set no irrigation was applied till maturity and in 
another set three irrigations was applied at critical stages. Physiological data was 
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recorded at post-anthesis stage under drought stress and agronomic data was recorded 
at maturity. 
2.3.6. Physiological performance of transgenic wheat under drought stress 
Physiological analysis was conducted in terms of relative water contents, osmotic 
potential, water potential, photosynthesis rate, transpiration rate and stomatal 
conductance. 
2.3.6.1. Relative water content (RWC) 
For the determination of RWC, equal-sized leaves were collected and the fresh weight 
(FW) was calculated. These leaves were incubated in distilled water at room 
temperature for 4 hours to recover turgidity. Excess water was then removed from the 
turgid leaves to place them on tissue paper and turgid weight (TW) was noted. The 
samples were then oven-dried at 70+2 °C overnight and dry weight (DW) was noted. 
Relative water contents were determined by using the formula: RWC (%) = (FW-
DW/TW-DW) x 100. Data was recorded in three replicates. 
2.3.6.2. Water Potential (Ψw) 
Seed of transgenics and control plants were sown in pots containg soil. At tillereing 
stage water was withheld. Water potential was measured after withholding water by 
using a pressure bomb on the youngest fully expended leaf. The measurements were 
made from 8:30 to 10:30 a.m. with a Scholander type pressure chamber. 
2.3.6.3. Osmotic Potential (Ψo) 
Osmotic potential was calculated on leaf sample taken before and after the start of the 
stress treatment. The same leaf tissue, as used for water potential, (500 mg) from each 
plant were placed in Eppendorf tubes with 4 holes in the bottom and frozen at -30 
o
C. 
After 12 hours, the samples were taken from the freezer, thawed, and spun at 15000 
xg for 15 min. For each sample, a 200 µl aliquot was placed in capsule and its osmotic 
pressure was calculated with  FREZING POINT Osmometer ( Knauer range 400-
1600). 
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2.3.6.4. Turgor potential (Ψt)  
The turgor potential was calculated as the difference between osmotic potential (Ψo) 
and water potential (Ψw). 
Turgor potential (Ψt) = Osmotic potential (Ψo) - Water potential (Ψw) 
2.3.6.5. GAS exchange measurements  
Gas exchange parameters including photosynthetic rate, transpiration efficiency and 
stomatal conductance were measured within one hour of solar noon using an infrared 
gas exchange analyzer portable photosynthetic system (Model C1-340; Analytical 
Development Company Ltd. Hoddesdon, England). Gas exchange measurements 
were determined on flag leaves of plants in three replicates.  
3.3.7. Agronomic performance of transgenic wheat under drought stress 
2.3.7.1. Plant height (cm)  
Five T1 plants of 10 independent transgenic events were selected randomly and the 
height of primary shoots was measured in cm from ground level to the spike apex 
excluding awns. Likewise, wild-type plants were measured for their height. Data was 
recorded in three replicates. 
2.3.7.2. Flag leaf area (cm
2
) 
The flag leaf area of primary shoots from ten independent transgenic events using five 
randomly selected T1 plants each was measured from three replications in cm
2
. An 
electric meter was used for this measurement. 
2.3.7.3. Number of tillers per plant 
Tillers were counted from each independent transgenic events using five randomly 
selected T1 plants each as well as wild-type plants for comparison. Data was recorded 
in three replicates. 
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2.3.7.4. 1,000 grain weight (g) 
Grain yield (in grams) from randomly selected T1 plants of each independent 
transgenic events was taken and then the average was calculated across the three 
replications. 
2.3.8. Statistical analyses  
Data was analyzed by applying analysis of variance (ANOVA) techniques using the 
Statistix 8.1 software for agronomic and physiological parameters. Treatment means 
were compared using least significant difference (LSD) test at 0.05 % probability 
level in each experiment (Steel et al., 1997). 
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RESULTS 
3.1. Characterization of expression pattern of SalT promoter in 
        barley 
3.1.1. Cloning of GFP and GUS under SalT promoter 
The binary vector pNos-AB-M was used for cloning of GFP and GUS under SalT 
promoter. The vector size was 3230 bp and it contains ampicillin for bacterial (E. coli) 
selection. The vector map of pNos-AB-M is presented in Appendix # 33.          
3.1.1.1. Isolation of SalT promoter 
SalT promoter was isolated from cDNA of rice. It was amplified by PCR using gene 
specific primers having StuI restriction sites.  PCR amplification gave 1700 bp 
fragment of SalT promoter (Fig.3.1.)  
3.1.1.2. Digestion of SalT promoter and pNos-AB-M vector with StuI 
The 1700 bp band of SalT promoter was cut from the gel with a sharp blade and then 
eluted with Qaigen elution kit. After purification of SalT promoter, restriction 
digestion of SalT promoter and pNos-AB-M vector was done with StuI restriction 
enzyme. Unrestricted pNos-AB-M vector was also loaded on the gel (Fig.3.2). 
3.1.1.3. Gel elution of vector and insert 
After restriction digestion of SalT promoter and pNos-AB-M vector, these were run 
on the Ethidium bromide 1 % agarose gel. These bands were excised from gel under 
UV light and eluted with Qaigen elution kit. After elution, both SalT and vector were 
run on Ethidium bromide 1 % agarose gel to confirm their restriction. 
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Figure 3.1. The amplified PCR product of SalT promoter from cDNA of rice. Lanes 
1-3 represent 1.7 kbp product of SalT promoter and Lane 4 shows 1 kbp DNA 
Ladder.  
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2. Restriction digestion of SalT promoter and pNos vector with StuI 
restriction enzyme. Lane 1 indicates unrestricted pNos plasmid, Lanes 2 and 3 show 
restricted pNos vector and restricted SalT promoter respectively and Lane 4 
represents 1 kbp DNA Ladder.                   
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3.1.1.4. Ligation of SalT into pNos-AB-M vector and confirmation with PCR 
Gel eluted samples of both insert and vector were ligated over-nightly. After ligation, 
this was transformed in E. coli cells. This transformation was spread on LB plate 
having ampicillin selection. Few colonies were appeared on selective media after 
transformation. Then colony PCR was done to confirm the ligation and orientation of 
clone using the two sets of primer pairs (13 F and R, SalT specific primer F and Nos 
primer R). Nine colonies were confirmed for ligation (in upper gel) and 2 colonies 
were confirmed for orientation (in lower gel) (Fig. 3.3). So only two colonies (Lane 8 
and Lane 16) were cultured for plasmid isolation and these were confirmed for 
ligation and orientation. 
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Figure 3.3. Colony PCR for the confirmation of ligation and orientation. Lane 1 
represents 1 kbp DNA ladder. Upper gel represents the colony PCR for confirmation 
of ligation with 13F and 13R primers. Lane 3, 4, 5, 8, 11, 13, 16 and 20 shows 
confirmation of ligation. In lower gel, lane 8 and 16 represents confirmation of correct 
orientation.  
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3.1.2. Cloning of GFP and GUS under SalT promoter in pNos-AB-M vector 
A 0.75 kbp fragment of GFP and 1.8 kbp fragment of GUS were amplified using the 
gene specific primers with PCR. The amplification products were run on Ethidium 
bromide 1 % agrose gel and visualized with UV light (Fig.3.4 and 3.5).  
3.1.2.1. Restriction digestion of PCR product of GFP, GUS and pNos-ABM-SalT  
To produce overhangs, purified PCR product of GFP, GUS genes and pNos-ABM-
SalT plasmid were digested with HindIII restriction enzyme and it yielded 0.75 kbp 
fragment of GFP gene, 1.8 kbp fragment of GUS gene and 4.9 kbp fragment of pNos-
ABM-SalT.  
3.1.2.2. Ligation of GFP and GUS genes under SalT promoter into pNos-AB-M 
and confirmation with PCR 
Restricted fragments of GFP and GUS were ligated under SalT promoter into pNos-
AB-M vector. After ligation, these ligations were transformed into E. coli cells. 
Colonies were appeared on Ampicillin selective media and then 12 colonies from 
SalT-GFP and 15 colonies from SalT-GUS ligation were confirmed with colony PCR 
(Fig. 3.6 and 3.7). 
3.1.2.3. Plasmid DNA isolation and confirmation with restriction 
Plasmid DNA of pNos-ABM-SalT-GFP and pNos-ABM-SalT-GUS were isolated by 
using QAIGEN mini prep kit from culture inoculated with PCR confirmed colony. 
The concentration of plasmid was also quantified by Nanodrop (716 ng / ul at 1.87 
purity). The isolated recombinant plasmid DNA was confirmed by restriction 
digestion with enzyme PstI.  It gave 3.7 kbp product of SalT-GUS (Fig. 3.8) and 2.7 
kbp product of SalT-GFP (Fig. 3.9). 
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Figure 3.4. Amplification of GFP gene by PCR using gene specific primers. Lane 1 
shows the 1 kbp DNA ladder and Lanes 2-4 represent 0.75 kbp fragment of GFP 
gene.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.5. Amplification of GUS gene by PCR using gene specific primers. Lane 1 
represents 1 kbp DNA ladder and Lanes 2-3 show 1.8 kbp fragments of GUS gene.  
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Figure 3.6. Colony PCR for the confirmation of ligation and orientation of SalT-
GUS. Lanes 1, 3, 5, 6, 9, 10, 12, 14, 15, 16, 17 and 18 represent the confirmation of 
ligation and correct orientation of SalT-GUS. Lane 19 shows the 1 kbp DNA ladder.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7. Confirmation of ligation and orientation of SalT-GFP in pNos vector by 
colony PCR. Lanes 1, 2, 3, 5, 6, 7, 9, 10, 11, 12, 14, 15, 17 and 18 represent the 
confirmation of ligation and correct orientation of SalT-GFP. Lane 19 shows the 1 
kbp DNA ladder. 
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Figure 3.8. Confirmation of cloning of SalT-GUS into pNos vector by restriction. 
Lane 1 represents the 1 kbp ladder, Lanes 2-3 represent the restriction of SalT-GUS 
from pNos vector. Upper bands are pNose vector and lower bands are restricted 
product of SalT-GUS and Lane 4 represents the unrestricted plasmid of pNos-SalT-
GUS-nos.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.9. Confirmation of cloning of SalT-GFP into pNos vector by restriction. 
Lane 1 represents the 1 kbp ladder and Lane 2 represents the restriction of SalT-GFP 
from pNos vector. Upper band is pNose vector and lower band is restricted product of 
SalT-GFP. Lane 3 represents the unrestricted plasmid of pNos-SalT-GFP-nos.  
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3.1.3. Sub-cloning of SalT-GFP-Nos and SalT-GUS-Nos in p6U vector 
p6U vector was used for plant expression. Its size was 10.4 kbp and it had 
spectinomycin for bacterial selection. Between the borders, it had already cloned 
hygromycin (hpt) gene under Ubi promoter for plant selection (Appendix # 34). Both 
the constructs (SalT-GFP-Nos and SalT-GUS-Nos) were sub-cloned in p6U vector. 
3.1.3.1. Digestion of SalT-GFP, SalT-GUS plasmid and p6U vector 
Plasmids of pNos-ABM-SalT-GFP and pNos-ABM-SalT-GUS constructs were 
digested with Sfi restriction enzyme to get the required fragment of SalT-GFP-Nos 
and SalT-GUS-Nos. p6U vector was also digested with Sfi restriction enzyme to 
produce overhangs. After restriction digestion of SalT-GFP, SalT-GUS and p6U 
vector, these were resolved on the 1 % agarose gel. Restriction digestion released 3.7 
kbp fragment of SalT-GUS-Nos and 2.7 kbp fragment of SalT-GFP-Nos from pNos-
AB-M vector (Fig 3.10). Then these bands were excised from gel and purified. After 
purification, both fragments of insert and vector were run on 1 % agarose gel to 
confirm their restriction.  
3.1.3.3. Plasmid DNA isolation and confirmation of ligation by restriction 
analysis 
Plasmid DNA of recombinant constructs were isolated from confirmed single colony 
that was inoculated with bacterial culture by using QAIGEN mini prep Kit. The 
isolated recombinant plasmids DNA were confirmed by restriction digestion with 
enzyme Sfi. This restriction gave the product size of 3.7 kbp from SalT-GUS and 2.7 
kbp from SalT-GFP (Fig. 3.11). These constructs were given the names as p6U-
pSalT-GFP and p6U-SalT-GUS. The concentration of plasmid was also quantified by 
Nanodrop (299.4 ng / µl and 208.7 ng /µl at 1.87 purity respectively). 
3.1.3.4. Confirmation of cloning by sequencing 
Orientation and cloning was confirmed by sequencing. Sequence analysis was 
confirmed using the NCBI Blast pair-wise alignment algorithm programs 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). Results showed 100 % homology to the 
original sequence.                                                                                            
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Figure 3.10. Restriction digestion of pNos-SalT-GFP, pNos-SalT-GUS and p6U with 
Sfi enzyme. Lane 4 represents the restriction of p6U vector with Sfi enzyme, Lane 2 
and 3 shows the restriction of SalT- GUS -nos and SalT-GFP-nos respectively from 
pNos vector (lower band) and Lane 1 shows 1 kbp ladder. 
 
 
 
 
 
                               
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11. Restriction digestion to confirm the cloning of SalT- GFP and SalT-GUS 
in p6U with Sfi enzyme. Lane 1 represents 3.7 kbp restricted  fragment of  SalT-GUS-
nos from p6U vector, Lane 2 represents 2.7 kbp  restricted band of SalT-GFP-nos 
from  p6U and Lane 3 represents the 1 kbp DNA Ladder. 
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3.1.3.5. Electroporation and confirmation of Agrobacterium tumeficians strains 
Plasmids p6U-SalT-GUS and p6U-SalT-GFP were transformed into competent cells 
of Agrobacterium strains (AGL-1) through electroporation method (Appendix # 7).  
After electroporation, two colonies from each clone were chosen and their plasmids 
were isolated and confirmed by restriction digestion with Sfi restriction enzyme which 
yielded the exact fragments of GUS (3.7 kbp) (Fig.3.12) and GFP (2.7 kbp) (Fig.3.13)  
constructs. The restriction of desired fragments indicated that cloned plasmids have 
been successfully transformed into A. tumefaciens. 
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Figure 3.12. Restriction digestion of p6U-SalT-GUS with Sfi to confirm the 
transformation into Agrobacterium.  Lane 1 represents the 1 kbp DNA Ladder. Lanes 
2-3 shows the restriction of SalT-GUS-Nos fragment from p6U in Agrobacterium and 
Lane 4 represents the restricted fragment of SalT-GUS-Nos from p6U vector of E. 
coli plasmid.       
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.13. Restriction digestion of p6U-SalT-GFP with Sfi to confirm the 
transformation into Agrobacterium.  Lane 1 represents the restricted fragment of 
SalT-GFP-Nos from p6U vector of E. coli plasmid, Lanes 2-3 shows the restriction of 
SalT-GFP-Nos fragment from p6U in Agrobacterium and Lane 3 represents the 1 kbp 
DNA Ladder.  
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3.1.4. Genetic transformation of barley  
A two row barley cultivar “Golden Promise” was transformed through Agrobacterium 
mediated method. After seed sterilization, 180 immature embryos were isolated for 
transformation for each construct (Fig.3.14).  
3.1.4.1. Callus induction efficiency  
One hundred eighty immature embryos (without axes) were isolated and put in 6 well 
plate containing 2.5 ml liquid Co-Culture Media (Appendix # 15). After inoculation 
with Agrobacterium (AGL-1) containing the GFP and GUS constructs, these embryos 
were co-cultured in the dark for 3 days at 22 
o
C. Then 12 embryos were transferred on 
each plate of Callus Induction Media (Appendix # 16) containing 50 mg L
-1
 
hygromycin. Out of 180 embryos of each construct, 162 tissues of GFP and 151 
tissues of GUS produced embryogenic callus (90 %). 
3.1.4.2. Regeneration efficiency 
After 4 weeks on callus induction and selection medium, the selected calli were 
shifted on regeneration medium containing 25 mg L
-1
 hygromycin and incubated in 
light at 24 
o
C for four weeks (Appendix # 17). In SalT-GFP transformation 
experiments, regeneration percentage was about 62 % and in SalT-GUS it was 56 %.  
3.1.4.3. Root formation 
Ninety six regenerated plantlets of SalT-GFP construct and 84 of SalT-GUS construct 
were shifted in sterilized tissue culture boxes on regeneration media containing 25 mg 
L
-1
 hygromycin for root formation. Putative transgenic plants of barley were 
continued to grow while non-transgenic plants were unable to form roots and 
ultimately did not grow and died. It was observed that 44 % of GFP and 36 % of GUS 
plants produced roots and grew well in both experiments.  
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Figure 3.14. Genetic transformation procedure for barley. a) Isolation of immature 
embryos. b) Callus induction after 7 days of inoculation c) Callus induction, d) Callus 
with green spot, e) Callus producing plantlets, f) Regenerated plantlets were shifted to 
pots in growth chamber. 
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3.1.4.4. Transformation efficiency 
Forty two plants of GFP construct and 36 plants of GUS construct were obtained from 
hygromycin selection medium and these were shifted in pots in growth chamber. All 
plants were survived and grew vigorously. After 4 weeks, these plants were confirmed 
by PCR. It was observed that out of 34 plants of GFP, 19 were confirmed positive 
while out of 32 plants of GUS, 21 plants were confirmed positive. Therefore overall 
transformation efficiency remained 10.5 % and 11.7 % for GFP and GUS respectively 
(Table 3.1). 
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Table 3.1. Callus induction, regeneration and transformation efficiency of Barley (Golden Promise) with plasmid p6U containing 
SalT-GFP and SalT-GUS genes. 
Constructs No. of 
Embryos 
Callus induction 
Efficiency 
Regeneration 
efficiency  
Root 
formation  
Plants survived 
in soil 
PCR 
Positive 
plants 
Transformation 
efficiency (PCR) 
SalT-GFP 180 162 96 34 34 19 10.5 % 
 
SalT-GUS 
 
180 151 84 32 32 21 11.7 % 
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3.1.5. Molecular analysis of transgenic barley 
 
3.1.5.1. Polymerase chain reaction (PCR) 
Polymerase chain reaction is the first molecular technique that was used for the 
detection and confirmation of putative transgenic plants. For this purpose, genomic 
DNA was isolated from the leaves of putative transgenic plants and non-transformed 
control plants by using CTAB method (Appendix # 27). Gene specific forward and 
reverse primers of Ubi-Hpt gene were used to confirm transgenic plants of both 
constructs. It was noted that 19 plants of pSalT-GFP (Fig 3.15) and 21 plants of 
pSalT-GUS (Fig 3.16) were found positive. No amplification was observed in wild 
type plants. All barley plants were healthy and had normal phenotype. They had many 
tillers and grew robustly.  
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Figure 3.15. Confirmation of transgenic barley plants expressing GFP gene under 
SalT promoter by PCR: Lane 1 represents 1 kbp DNA ladder, lanes 2-19 indicate the 
1 kbp fragment of  putative transgenic barley plants, Lanes 20 represent the wild type 
barley plant with no amplification and lanes 21 shows plasmid amplification as a 
positive control.  
 
 
 
 
 
 
 
 
 
Figure 3.16. Confirmation of transgenic barley plants expressing GUS gene under 
SalT promoter by PCR: Lane 1 represents 1 kbp DNA ladder, lanes  2-21 indicate the 
1 kbp fragment of  putative transgenic barley plants, Lanes 22 represent the wild type 
barley plant with no amplification and lanes 23 shows plasmid amplification as a 
positive control 
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3.1.5.2. Southern hybridization 
All PCR positive plants were confirmed by Southern hybridization (Appendix # 28). 
Southern blot analysis was done to confirm the integration of GFP and GUS genes 
into barley genome. Good quality 30 µg genomic DNA of transgenic and control 
plant was digested with EcoRI and hybridized with 650 bp hpt specific probe. It was 
shown that hybridization signal was obtained in all transgenic lines while no signal 
was detected in wild type plants. One to three and one to five copies were observed in 
the genome of transgenic barley containing SalT-GFP (Fig. 3.17) and SalT-GUS 
constructs (Fig. 3.18) respectively. Some sister plants were tested and found with 
same integration pattern.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 3                                                                                                              Results 
74 
 
 
 
 
 
 
 
Figure 3.17. Southern blot showing the integration of SalT-GFP into genome of 
barley. Lanes 1-18  show the integration of SalT-GFP in barley genome except lane 4 
that have no integration, Lanes 19 represents the wild type plant which have no 
integration, Lane 20 represents the plasmid as positive control and Lane 21 is a 
marker. Lane 6 and 7 are sister plants. These were originated from same callus. 
 
 
 
 
 
 
 
 
 
 
Figure 3.18. Southern blot revealing the integration of SalT-GUS into genome of 
barley. Lanes 1-18  show the integration of SalT-GUS in barley genome. Lanes 19 
represents the wild type plant which have no integration, Lane 20 represents the 
plasmid as positive control and Lane 21 is a marker. Lanes 10-13 and lanes 17-18 
represent sister plants. These were originated from same callus. 
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3.1.5.3. Green florescent protein (GFP) analysis 
Leica MZFLIII fluorescence microscope with a filter set for GFP Plant (Leica 
Microsystems, Wetzlar,Germany) was used for GFP screening. GFP was detected in 
callus, leaves and root tips of barley (Fig 3.19).  
It was observed that 56 % callus showed GFP under SalT promoter after 15 days of 
inoculation. Some callus exhibited strong GFP and some showed weak. After 
regeneration of these calli, leaves of transgenic plants were screened for GFP analysis. 
It was observed that GFP was not present in all leaf portions but on leaf tips mostly. 
Similarly roots were also visualized under Leica Microsystems. It was noticed that 
GFP was expressed under SalT promoter in roots of transgenic barley plants.   
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Figure 3.19. GFP analysis in callus (a, b, c, d) leaves (e, f, g) and roots tips (h) of 
barley.  
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3.1.5.4. GUS analysis in transgenic plants 
GUS reporter gene is a good technique to characterize the expression pattern of SalT 
promoter in barley. GUS analysis was observed in embryo, embryogenic callus, 
leaves and root tissues. Tissue and plant material was earlier dried on filter paper to 
impose stress. It was observed that GUS has a strong expression under SalT promoter 
in embryos and callus. About 72 % embryos and 65 % callus showed GUS. Some 
callus exhibited strong blue color and some has light blue color. It was also observed 
in regenerated plantlets. Similarly GUS was also detected in small plants. It was 
noticed that 91 % of putative transgene (hygromycin selection) show GUS under SalT 
promoter in shoots, leaves and roots (Fig.3.20). 
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Figure 3.20. a) GUS was observed in embryo (1) and callus (2, 3 and 4) of barley. b) 
GUS in barley plantlets. Plant 1 represents wild type control that did not show GUS, 
while plants 2-7 represent the transgenic plants showing GUS in leaves and root 
tissues. 
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3.2. Cloning and expression of DREB1A gene under SalT and FMV 
promoters in tobacco 
DREB1A transcription factor was cloned under FMV promoter at Donald Danforth 
Plant Science Centre, St. Louis, USA under a joint Pak-US collaborative project of 
Dr. Nasir A Saeed (PI in Pakistan and PhD supervisor of Mr. Zahid Abbas Malik) and 
Dr. Daniel P. Schachtman (USA). This FMV-DREB1A-tNos-CGT6400A plasmid 
was provided to NIBGE Pakistan and used for tobacco and wheat transformation.  
Cloning of DREB1A transcription factor under SalT promoter was done at Stress 
Genomics Lab, IPK Gatersleben Germany under the supervision of Dr. Nese 
Sreenivasulu during six months IRSIP training of Mr. Zahid Abbas Malik. The idea 
for cloning of DREB1A under SalT promoter was that this promoter performed 
excellent to express the GUS and GFP genes in barley. So it was proposed that 
DREB1A gene could be over expressed under SalT promoter. Basically it was done 
for wheat transformation but it was also used for tobacco transformation to examine 
the results in model system. 
3.2.1. Sub-cloning of DREB1A under SalT promoter in p6U vector  
A 651 bp fragment of DREB1A was amplified from plasmid CGT 6400A (Fig. 3.21) 
with PCR using specific primers having HindIII restriction sites. This fragment was 
purified and quantified for sub-cloning.  
3.2.1.1. Restriction digestion of PCR product of DREB1A and p6U-SalT-GFP-
Nos 
The eluted DREB1A and p6U-SalT-GFP was digested with HindIII enzyme to 
remove the GFP from p6U and produce overhang. GFP fragment of 0.75 kb was 
removed from p6U vector (Fig. 3.22). Then both restricted DREB1A and p6U-SalT-
nos were eluted and purified.  
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Figure 3.21.  PCR amplification of DREB1A gene from cDNA of Arabidopsis. Lane 
1 represents the 1 kbp DNA ladder, Lanes 2-4 indicate the amplification of 651bp 
fragment of DREB1A gene.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.22. Digestion of p6U-SalT-GFP and DREB1A gene with HindIII enzyme. 
Lane 1 represents the 1 kb Ladder, lane 2 represents the restriction of DREB1A gene 
from PCR amlification and Lane 3 shows the restriction of p6U-SalT-GFP plasmid to 
remove the GFP. 
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3.2.1.2. Ligation of DREB1A gene under SalT promoter in p6U vector 
Ligation of DREB1A gene under SalT promoter in vector (p6U) was conducted. The 
ligation and orientation was confirmed by PCR of some selected colonies using the 
primers SalT F and DREB1A R (Fig. 3.23). After plasmid isolation of confirmed 
clone, it was finally confirmed by restriction digestion with Sfi enzyme which yielded 
the exact size of 2.6 kb (SalT-DREB1A) (Fig. 3.24). 
3.2.1.3. Sequencing 
Finally sequencing was carried out to confirm the orientation and cloning. Sequence 
was confirmed using the NCBI Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi). It 
showed 100 % homology of the sequence results to the original sequence. 
3.2.1.4. Electroporation and confirmation in Agrobacterium tumeficians strains 
Plasmid of p6U-SalT-DREB1A was transformed into competent cells of 
Agrobacterium strains (LBA-4404 and AGL-1) by electroporation (Appendix # 7). 
After electroporation, 2 colonies were chosen and their plasmid was isolated and 
confirmed by restriction digestion with Sfi restriction enzyme. Restriction digestion 
released 2.6 kb fragment which confirmed the transformation in Agrobacterium. Maps 
of FMV-DREB1A and SalT-DREB1A are given in figure 3.25 and 3.26. 
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Figure 3.23. Colony PCR confirmation of ligation of DREB1A in p6U-SalT. Lane 1 
indicates 1 kb DNA ladder, Lanes 2-5 represent the PCR amplification of 2.6 kb 
fragment of SalT-DREB1A for the confirmation of ligation.  
 
 
 
 
 
 
 
 
 
 
Figure 3.24. Confirmation of ligation of SalT-DREB1A in p6U vector by restriction. 
Lane 1 represents the unrestricted plasmid of p6U-SalT-DREB1A, Lane 2 indicates 
the restriction of SalT-DREB1A from p6U vector and Lane 3 represents the 1 kb 
Ladder. 
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Fig.3.25. Map of cloning of FMV-DREB1A in plant expression vector (CGT-6400)  
 
 
 
 
 
 
 
 
 
Fig.3.26. Map of cloning of SalT-DREB1A in plant expression vector (p6U) 
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3.2.2. Production of transgenic tobacco plants 
In present research work, Nicotiana tabacum L. cv. Spade 28 was used for genetic 
transformation. Leaves of in-vitro grown tobacco plants were used for transformation.  
Agrobacterium cultures having SalT-DREB1A and FMV-DREB1A were grown and 
leaf discs were inoculated and incubated at 22
o
C on Co-culture medium (Appendix # 
19).  
3.2.2.1. Callus formation and selection 
Eighty leaf discs were inoculated with each gene in one experiment. Twenty leaf discs 
were used as control and inoculated with Agrobacterium (empty vector). For 
selection, two antibiotics were used i.e. hygromycin for SalT-DREB1A clone and 
basta for FMV-DREB1A clone.  After inoculation, leaf tissues were grown on CIM 
cum regeneration medium (Appendix # 20) supplemented with hygromycin for SalT-
DREB1A clone and basta for FMV-DREB1A clone. Control leaf discs were also 
placed on two different media: one having selection (hygromycin and basta) and 
second without selection. It was observed that non-transformed leaf discs on 
hygromycin and basta started dying after 4-6 days and transformed leaf tissues 
survived. After 6-8 days, callus started to produce from inoculated leaf discs. Out of 
80 explants, 66 (SalT-DREB1A) and 58 (FMV-DREB1A) explants produced callus 
and could survive on selection (hygromycin and basta) respectively.  
3.2.2.2. Regeneration of shoots 
A total of 31 (SalT-DREB1A) and 20 (FMV-DREB1A) tissues were regenerated from 
66 and 58 tissues of callus respectively. These regenerated shoots were cut with 
forceps and shifted to fresh shooting cum selection medium (Appendix # 21). Putative 
transgenic shoots grew on selection media while non-transgene died (Fig. 3.27). 
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3.2.2.3. Rooting of plants and shifting to pots 
At 3-5 leaf stage, plantlets were shifted in jars containing rooting cum selection 
medium at 3-5 leaf stage for rooting. After 7-10 days of shifting, primary roots 
appeared. It was observed that 18 plants from SalT-DREB1A and 14 plants from 
FMV-DREB1A produced roots on rooting medium containing hygromycin and basta 
respectively. When plants produced enough roots, they were transferred to pots 
containing mixture of soil and sand 1:1. 
3.2.2.4. Transformation efficiency 
Forty leaf discs were inoculated with Agrobacterium culture for each gene. Out of 40 
explants, 33 from SalT-DREB1A and 29 discs from FMV-DREB1A produced callus 
on TCIM cum selection medium. Total 21 and 18 tissues were regenerated from SalT-
DREB1A and FMV-DREB1A clones respectively. Eighteen plants from SalT-
DREB1A and 14 plants from FMV-DREB1A clones produced roots on rooting cum 
selection medium and shifted to pots. Total 9 plants of SalT-DREB1A and 6 plants of 
FMV-DREB1A were confirmed by PCR. So transformation efficiency was 27.27 % 
and 20.7 % for SalT-DREB1A and FMV-DREB1A respectively (Table 3.2). 
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Figure 3.27. Different stages of regeneration of transgenic tobacco plants: a) Leaf 
discs was inoculated with Agrobacterium and cultured on selection (kanamycin) 
media; b) Callus induction and regeneration from inoculated explants on selection 
(kanamycin) media; c) Plants were shifted on rooting selection media (kanamycin) in 
the jars; d) Plants were removed from rooting media and transferred to sterile soil pots 
and placed in the glasshouse. 
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Table 3.2 Transformation efficiency of transgenic tobacco plants 
Constructs   Total 
number of 
explants 
used 
Antibiotic 
Used for 
selection 
No. of Callus 
produced 
Regenerated  
tissues 
Rooting and 
pot shifting 
Total plants 
confirmed by 
PCR 
Transformation 
efficiency (%) (PCR) 
 
SalT-DREB1A 
 
40 
 
Hygromycin 
 
33 
 
21 
 
12 
 
9 
 
27.27 % 
 
FMV-DREB1A 
 
40 
 
Basta 
 
29 
 
18 
 
8 
 
6 
 
20.7 % 
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3.2.3. Molecular analysis of transgenic tobacco 
3.2.3.1. Polymerase Chain Reaction (PCR) 
Putative transgenic plants were confirmed by polymerase chain reaction.  For this 
purpose, genomic DNA from the leaves of putative transgenic plants from each clone 
and wild type control tobacco plant was isolated by using CTAB method (Appendix # 
27). Gene specific forward and reverse primers of DREB1A were used. It was 
observed that 6 out of 8 putative transgenic plants of FMV-DREB1A (Fig 3.28) and 9 
out of 12 transgenic plants of SalT-DREB1A clone (Fig 3.29) were confirmed 
positive and gave the amplification of 651bp fragment and no amplification was 
observed from wild type plants.  
3.2.3.2. Southern hybridization 
Southern blot analysis was done to confirm the integration of DREB1A gene into 
Nicotiana tobaccum genome. Good quality 30 µg genomic DNA of transgenic plants 
of both constructs (FMV-DREB1A and SalT-DREB1A) and wild type were digested 
with BamHI restriction enzyme and hybridized with 499 bp DREB1A specific probe. 
It was shown that hybridization signal was obtained only in transgenic lines while no 
signal was detected in wild type (Fig. 3.30). Six PCR confirmed plants of FMV-
DREB1A and nine from SalT-DREB1A gave signal and confirmed as transgenes. 
One to three copies of gene were observed in host genome of tobacco containing 
FMV-DREB1A gene and one to four copies were in SalT-DREB1A tobacco (Fig. 
3.31). Single copy was observed in three transgenic plants of FMV-DREB1A and six 
transgenic plants of SalT-DREB1A construct. These single copy plants were 
processed further. 
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Figure 3.28. Confirmation of transgenic tobacco plants expressing FMV-DREB1A 
gene by PCR: Lane 1 represents 1 kb DNA ladder, lanes 2-7 show 651 bp fragment of 
putative transgenic tobacco plants expressing FMV-DREB1A gene and Lane 8 
represents wild type with no amplification while lane 9 represents the plasmid control. 
 
 
 
  
 
 
 
 
Figure 3.29. Confirmation of transgenic tobacco plants expressing SalT-DREB1A 
gene by PCR: Lane 1 represents 1 kb DNA ladder, lanes 2-10 show 651 bp fragment 
of putative transgenic tobacco plants expressing SalT-DREB1A gene and Lane 11 
represents wild type with no amplification while lane 12 represents the plasmid 
control. 
 
 
 
 
 
651 bp 
bp 
FMV-DREB1A 
   1          2           3          4           5          6          7          8           9      
651 bp 
 1         2       3        4        5       6       7       8       9      10     11     12 
SalT-DREB1A 
Chapter 3                                                                                                              Results 
 
90 
 
                             
 
 
 
 
 
 
 
 
 
 
Figure 3.30. Southern blot analysis of T0 transgenic plants of FMV-DREB1A 
construct. Lanes 1-6 represent transgenic lines, Lane 7 indicates wild-type, lane 8 is 
positive control and lane 9 is marker 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.31. Southern blot analysis of T0 transgenic plants of SalT-DREB1A 
construct. Lanes 1-9 represent transgenic lines, Lane 10 indicates wild-type, lane 11 is 
positive control and lane 12 is marker. Transgenic plants showed one to four copies 
whereas no hybridization was detected in wild-type plant. 
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3.2.3.3. Reverse transcriptase PCR (RT-PCR) 
Three single copy plants of FMV-DREB1A and six single copy plants of SalT-
DREB1A were used to examine the expression under drought stress condition. 
Reverse transcriptase PCR (RT-PCR) indicated expression in all three (P1, P3, P6) 
single copied transgenic lines of FMV-DREB1A (Fig 3.32, upper lanes 1 to 3) while 
there was no expression in wild type plant (Fig 3.32, upper lane 4). Similarly six 
transgenic progenies (S1, S2, S3, S4, S5 and S6) of SalT-DREB1A gene exhibited 
expression by RT-PCR (Fig 3.33, upper lanes 1 to 6) while wild type plant did not 
show expression (Fig 3.33, upper lane 7). By contrast, the house-keeping gene 
(NtActin) showed expression in all samples including wild type control (Fig 3.32 and 
3.33 bottom panel).     
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Figure 3.32. Reverse transcriptase (semi-quantitative) PCR analysis. Three FMV-
DREB1A T1 transgenic plants showed expression. Lanes 1 to 3 represents transgenic 
lines and lane 4 represents non-transformed control (top panel). NtActin1 gene was 
used as an internal control (bottom panel).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.33. Reverse transcriptase (semi-quantitative) PCR analysis. Six SalT-
DREB1A T1 transgenic plants showed expression of AtDREB1A gene. Lanes 1 to 6 
represents transgenic lines and lane 7 represents non-transformed control (top panel). 
NtActin1 gene was used as an internal control (bottom panel).  
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3.2.4. Segregation analysis 
Transgenic lines of both constructs (FMV-DREB1A, SalT-DREB1A) containing 
single copy were further analysed for segregation. Fifty T1 seeds of FMV-DREB1A 
and SalT-DREB1A transgenic line and wild type were germinated on MS0 containing 
4 mg L
-1
 basta and 25 mg L
-1
 hygromycin respectively.  After 8 days, it was observed 
that transgenic lines P1, P3 and P6 (FMV-DREB1A)  showed 70 %, 76 % and 79 % 
basta resistant seedlings respectively (Fig. 3.34) whereas transgenic lines S1, S2, S3, S4, 
S5 and S6 (SalT-DREB1A) germinated 81 %, 85 %, 76 %, 80 %, 84 % and 78 % 
hygomycin resistant seedlings respectively (Fig. 3.35).  In both experiments, all wild 
type seedlings showed basta and hygromycin sensivity. Basta and hygomycin 
resistant transgenic seedlings were grown further to perform agronomic and 
physilogical experiments. 
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Figure 3.34. Segregation analysis on basta. Plates 1, 2 and 3 have basta resistant 
transgenic seedlings of FMV-DREB1A construct while plate four represents control 
seedlings and they shows basta sensitivity. 
 
 
 
 
 
 
 
 
 
Figure 3.35. Segregation analysis on hygromycin. Plates 1, 2 and 3 have hygromycin 
resistant transgenic seedlings of SalT-DREB1A while plate four represents control 
seeds and they shows hygromycin sensitivity. 
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3.2.4. Drought stress experiments 
3.2.4.1. Seed germination on PEG6000 and Mannitol  
Germination ability of seeds was tested under osmotic stress conditions. T1 seeds of 
transgenic events (P1, P3 and P6) of FMV-DREB1A, (S1, S2, S3, S4, S5 and S6) of SalT-
DREB1A and wild type seeds were surface sterilized and placed on double layered 
sterile filter paper moistened with 0 %, 10 % and 20 % PEG-6000. Similar 
germination test was also performed by using 0 mM, 100 mM, 200 mM and 300 mM 
mannitol. Data of germination was recorded after 12 days. 
 It was observed that FMV-DREB1A transgenic plants and wild type plants did not 
show any significant difference in germination at 0 % PEG while at 10 % PEG, only 
transgenic line P1 showed significant higher germination than other transgenic and 
wild type plants but on 20 % PEG, all transgenic lines attained significantly higher 
germination than wild type (Fig. 3.36). Similar results were observed for seed 
germination at mannitol. At 0 mM mannitol, there was no difference in germination 
of transgenic and wild type plants, while 100 mM, 200 mM and 300 mM mannitol, all 
transgenic plants showed significant germination over wild type plants (Fig. 3.37). 
Similarly germination percentage was recorded for SalT-DREB1A transgenic lines. It 
was observed that germination of transgenic events and wild type was non-significant 
on 0 % PEG. Transgenic lines showed significantly higher germination on 10 % PEG, 
20 % PEG than wild type (Fig. 3.38). There was no significant difference in 
germination of transgenic and wild type plants at 0 mM mannitol and 100 mM 
mannitol but delayed germination was observed in wild type plants on 100 mM 
mannitol. Transgenic lines showed significantly higher germination than wild type on 
200 mM and 300 mM mannitol (Fig. 3.39). These results clearly indicated that 
transgenic plants having DREB1A gene under SalT and FMV promoters showed 
significantly higher stress tolerance than wild type plants.  
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Figure 3.36. Germination tests of FMV-DREB1A transgenic seed on PEG. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means.   
 
 
 
 
 
 
 
 
 
 
 
Figure 3.37. Germination tests of FMV-DREB1A transgenic seed on mannitol Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means.   
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Figure 3.38. Germination tests of SalT-DREB1A transgenic seed on PEG. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
 
 
 
 
Figure 3.39. Germination tests of SalT-DREB1A transgenic seed on mannitol. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
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3.2.4.2. Plant growth on mannitol stress  
Transgenic tobacco plants of FMV-DREB1A and SalT-DREB1A were transferred in 
test tubes containing MS0 medium supplemented with 200 mM Mannitol. After 20 
days of growth period under mannitol stress conditions, transgenic lines were 
observed for their growth, seedling weight and root length under osmotic stress. It 
was observed that FMV-DREB1A transgenic lines maintained better growth than 
non-transgenic plants which were weak with yellow green leaves (Fig. 3.40). Under 
normal conditions, transgenic lines and wild type plants have similar growth pattern 
but under stress conditions transgenic lines maintained significantly higher seedling 
weight (Fig. 3.42) and increased root length (Fig. 3.43) than that of wild type plants. 
Similarly growth pattern was also observed in SalT-DREB1A transgenic lines (Fig. 
3.41). Results indicated that transgenic plants attained significantly more seedling 
fresh weight (biomass) and rapid root elongation than relevant wild type plants under 
osmotic stress created through mannitol (Fig. 3.44 and 3.45). Results also showed that 
transgenic tobacco containing FMV-DREB1A and SalT-DREB1A cassettes, attained 
significant resistance potential against osmotic stress (mannitol stress).  
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Figure 3.40. Plant growth pattern on mannitol stress. It represents the shoot and root 
growth of transgenic lines of FMV-DREB1A (P1, P3 and P6) and wild type (WT) on 
200 mM mannitol stress. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.41. Plant growth pattern on mannitol stress. It represents the shoot and root 
growth of transgenic lines of SalT-DREB1A (S1, S2, S3, S4, S5 and S6) and wild type 
(WT) on 200 mM mannitol stress. 
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Figure 3.42.  Fresh weight of FMV-DREB1A transgenic seedlings on mannitol 
stress:  Graph  represents the fresh weight  of seedlings of transgenic lines (P1, P3 and 
P6) and wild type plants. Bars represent standard error over three replicates. Alphabets 
show the significant or non-significant among means. 
      
 
 
         
 Figure 3.43.  Root Length of FMV-DREB1A transgenic seedlings on mannitol 
stress:  Graph  represents the root length of transgenic lines (P1, P3 and P6) and wild 
type plants. Bars represent standard error over three replicates. Alphabets show the 
significant or non-significant among means. 
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Figure 3.44.  Fresh weight of SalT-DREB1A transgenic seedlings on mannitol stress:  
Graph  represents the fresh weight  of seedlings of transgenic lines (S1, S2, S3, S4, S5,  
and S6) and wild type plants. Bars represent standard error over three replicates. 
Alphabets show the significant or non-significant among means. 
 
 
       
 
Figure 3.45.  Root Length of SalT-DREB1A transgenic seedlings on mannitol stress:  
Graph  represents the fresh weight  of seedlings of transgenic lines (S1, S2, S3, S4, S5,  
and S6) and wild type plants. Bars represent standard error over three replicates. 
Alphabets show the significant or non-significant among means. 
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3.2.4.3. Drought stress analysis of transgenic tobacco plants 
The drought stress experiment was layout according to RCBD with three replications. 
T1 transgenic seedlings (basta resistant) of FMV-DREB1A were shifted in pots 
containing sandy loam soil. Wild type plants were also transferred in pots. These 
plants were watered equally up to 4-6 leaf stage. Then water was withheld for 6, 8 and 
10 days. After 6 days, symptoms of drought stress were appeared on control plants but 
no symptoms appeared on transgenic plants of FMV-DREB1A. After 8 days, control 
plants were severely wilted while transgenic plants showed mild symptoms of wilting. 
After 10 days, all transgenic and control plants were severely wilted. At that stage all 
plants were re-watered to check the recovery of these plants. It was observed that 
about 90 % transgenic plants of FMV-DREB1A recovered but no recovery was 
observed in wild type control (Fig 3.46). These results confirmed that drought 
tolerance of transgenic tobacco plants has been increased due to incorporation of 
FMV-DREB1A gene. Further to check the drought tolerance at flowering and pod 
stage, these survived plants were shifted to bigger pots and grown up till maturity. At 
flowering stage, water was withheld again for 2 weeks. Symptoms of drought were 
appeared on all plants but wild type control plants were badly affected (Fig 3.47). 
Wild type plants produced some pods that later dried out but transgenic plants 
produced significantly more number of pods than control and did not wilt completely 
(Fig 3.48). Transgenic plants recovered after re-watering but wild type plants did not 
recover. Wild type plants produced shriveled unviable seeds while transgenic plants 
produced healthy viable seeds. 
Similarly T1 transgenic seedlings (hygromycin resistant) of SalT-DREB1A and wild 
type plants were shifted in pots containing sandy loam soil. When plants attained a 
good stand in soil then water was withheld for 10 days. It was observed that wild type 
plants attained wilting after 8 days but after 10 days drought symptoms appeared on 
transgenic plants. All plants were watered and it was noticed that all transgenic plants 
recovered but wild type plants did not recover (Fig 3.49). 
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Fig 3.46. Drought stress analysis of transgenic tobacco plants at seedling stage.  
FMV-DREB1A transgenic (P1, P3 and P6) lines recovered after wilting while wild 
type did not recover.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.47. Drought stress analysis of transgenic tobacco plants of FMV-DREB1A at 
flowering stage. Drought stress was applied at flowering and pod formation stage. 
Transgenic plants (P1, P3 and P6) produced more pods and did not wilt completely 
while wild type produced few pods and wilted completely. 
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Figure 3.48. No. of pods per plant showed that FMV-DREB1A transgenic lines (P1, 
P3 and P6) produced significantly more no. of pods per plant as compared to wild type 
plants under drought stress. Bar represent mean± standard errors. Alphabets show the 
significant or non-significant among means. 
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Figure 3.49. Drought stress analysis of transgenic tobacco plants of SalT-DREB1A. 
Drought stress was applied to transgenic (S1, S2,  S3, S4 and S6) and wild type (WT) 
plants by stopping water for 12 days. On wilting of plants, water was applied for 
recovery. Transgenic lines recovered while control did not recover. 
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3.2.5.  Physiological evaluation under drought stress 
Transgenic lines of FMV-DREB1A and SalT-DREB1A constructs and wild type 
tobacco plants were evaluated physiologically for relative water content (RWC), 
photosynthetic rate (Pn), transpiration rate (E) and stomatal conductance (C) under 
drought stress conditions.  
 
3.2.5.1. Relative water contents (RWC)  
Relative water contents (RWC) were measured after 8 days of drought stress 
treatment. In transgenic plants of FMV-DREB1A construct, maximum RWC (79.67 
%) was observed in P1 transgenic line followed by 78 %, 71 % in P3 and P6 which was 
significantly higher than wild type plants. While in relevant wild type plants, RWC 
was 65 % under drought stress conditions (Fig. 3.50).  
 
Similarly RWC was also measured in transgenic lines of SalT-DREB1A construct 
under drought stress. It was observed that transgenic line S1 and S6 exhibited 
maximum (79 %) RWC followed by 78.67 %, 78.33 %, 78 % and 76.33 % in S2, S5, 
S3 and S4 respectively. While in relevant wild type line, RWC was 70.33 % which 
was significantly lower than all transgenic tobacco lines of SalT-DREB1A (Fig. 3.51). 
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Figure 3.50. Relative water contents (%) of FMV-DREB1A transgenic lines (P1, P3 
and P6) and wild type plants. X-axis represents the transgenic tobacco and wild type. 
Y-axis shows the RWC %. Bars represent mean ± standard errors. Alphabets show the 
significant or non-significant among means. 
 
 
          
Figure 3.51. Relative water contents (%) of SalT-DREB1A transgenic lines (S1, S2, 
S3, S4, S5 and S6) and wild type plants. X-axis represents the transgenic tobacco and 
wild type. Y-axis shows the RWC %. Bars represent mean ± standard errors. 
Alphabets show the significant or non-significant among means. 
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3.2.5.2. Photosynthetic rate (Pn) 
Under drought stress conditions, photosynthetic rate varied significantly in all 
transgenic lines of FMV-DREB1A construct (Fig 3.52). Maximum Pn (20 µmol m
-2
s
-
1
) was recorded for P1 transgenic line followed by 17.87 and 17.07 µmol m
-2 
s
-1
 in P3 
and P6 lines respectively which was significantly higher than wild type plant (12.15 
µmol m
-2
s
-1
).  
Similarly transgenic lines (SalT-DREB1A) were evaluated for photosynthesis under 
water stress. It was observed that transgenic line S1 showed maximum (23.73 µmol m
-
2
s
-1
) photosynthesis rate followed by 22.97 µmol m
-2
s
-1
, 21.46 µmol m
-2
s
-1
, 21.33 
µmol m
-2
s
-1
), 20.95 µmol m
-2
s
-1 
and 20.06 µmol m
-2
s
-1 
in S2, S5, S6, S4 and S3 
respectively which was significantly higher than wild  type plants (15.28 µmol m
-2
s
-1
) 
(Fig 3.53). 
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Figure 3.52. Photosynthetic rate of FMV-DREB1A transgenic lines (P1, P3 and P6) 
and wild type plants. Bars represent mean ± standard errors. Alphabets show the 
significant or non-significant among means. 
 
 
 
Figure 3.53. Photosynthetic rate of SalT-DREB1A transgenic lines (S1, S2, S3, S4, S5 
and S6) and wild type plants. Bars represent mean ± standard errors. Alphabets show 
the significant or non-significant among means. 
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3.2.5.3. Transpiration rate  
Transpiration rate was measured in transgenic tobacco lines under drought stress. 
Maximum transpiration rate (1.25 mmol m
-2
s
-1
) was observed in FMV-DREB1A 
transgenic line P1 followed by 1.19 mmol m
-2
s
-1
 in P3. While in relevant wild type 
plant exhibited 1.00 mmol m
-2
s
-1
 which was significantly lower than P1 and P3. 
Minimum transpiration rate (0.85 mmol/m
2
s
-1
) was observed in transgenic line P6 
(Fig. 3.54). 
Similarly transpiration rate was maximum (1.25 mmol/m
2
s
-1
) in SalT-DREB1A 
transgenic line S1 followed by 1.24, and 1.19 mmol m
-2
s
-1
 in S6 and S2 respectively 
which was significantly higher than wild type (1.11 mmol m
-2
s
-1
). Transgenic lines S4, 
S5 and S3 showed 1.16, 1.15 and 0.85 mmol m
-2
s
-1
 transpiration rate respectively 
which was non-significant with wild type plants (Fig. 3.55). 
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Figure 3.54. Transpiration rate of FMV-DREB1A transgenic lines (P1, P3 and P6) and 
wild type plants. Bars represent mean ± standard errors. Alphabets show the 
significant or non-significant among means 
 
                   
         
 
Figure 3.55. Transpiration rate of SalT-DREB1A transgenic lines (S1, S2, S3, S4, S5 
and S6) and wild type plants. Bars represent mean ± standard errors. Alphabets show 
the significant or non-significant among means. 
 
 
 
 
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
P1 P3 P6 WT
 a 
   a 
  c  
  b  
0
0.2
0.4
0.6
0.8
1
1.2
1.4
S1 S2 S3 S4 S5 S6 WT
SalT-DREB1A 
FMV-DREB1A 
T
ra
n
sp
ir
at
io
n
 r
at
e 
(m
m
o
l 
m
-2
s-
1
) 
 a 
bc bcd cd 
 e 
ab 
 d 
T
ra
n
sp
ir
at
io
n
 r
at
e 
(m
m
o
l 
m
-2
s-
1
) 
Chapter 3                                                                                                              Results 
 
112 
 
3.2.5.4. Stomatal Conductance (C)  
Stomatal conductance was observed in all transgenic line under drought stress 
conditions. Maximum stomatal conductance (11.66 mmol m
-2
s
-1
) was observed in 
FMV-DREB1A transgenic line  P1 followed by P3 (7.87 mmol m
-2
s
-1
) which was 
significantly higher than non-transgenic plants ( 5.22 mmol m
-2
s
-1
) The minimum 
stomatal conductance (5.56 mmol m
-2
s
-1
)  was showed by transgenic line P6 which 
was non-significant with wild type plants (Fig 3.56). 
Similarly SalT-DREB1A transgenic line S2 exhibited maximum stomatal conductance 
(10.99 mmol m
-2
s
-1
) followed by 8.54, 8.53, 6.87, 6.61 mmol m
-2
s
-1
 in S6, S2, S5 and 
S4 respectively. Transgenic line S3 and wild type plant showed 5.56 mmol m
-2
s
-1
 and 
5.22 mmol m
-2
s
-1
 respectively which was significantly lower than other transgenic 
events under drought stress condition (Fig 3.57). 
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Figure 3.56. Stomatal conductance of FMV-DREB1A transgenic lines (P1, P3 and P6) 
and wild type plants. Bars represent mean ± standard errors. Alphabets show the 
significant or non-significant among means. 
 
 
         
Figure 3.57. Stomatal conductance of SalT-DREB1A transgenic lines (S1, S2, S3, S4, 
S5 and S6) and wild type plants. Bars represent mean ± standard errors. Alphabets 
show the significant or non-significant among means. 
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3.3. Over-expression of AtDREB1A and HvSUT2 genes in wheat 
3.3.1. Cloning of DREB1A and SUT2 genes under stress inducible promoters 
Cloning of DREB1A under SalT promoter is mentioned in section 3.1.1. Cloning of 
DREB1A under rd29A promoter was done in CGT 6400 plant expression vector (Fig. 
3.58) This cloning work was done at Donald Danforth Plant Science Centre, St. 
Louis, USA under a joint Pak-US collaborative project of Dr. Nasir A Saeed (PI in 
Pakistan and PhD supervisor of Mr. Zahid Abbas Malik) and Dr. Daniel P. 
Schachtman (PI in USA). This rd29A-DREB1A-tnos-CGT6400A plasmid was 
provided to NIBGE, Pakistan and used for transformation of local high yielding wheat 
cultivar “Punjab-11. Similarly HvSUT2 gene was cloned under LEA promoter at 
Stress Genomics Group, IPK Gatersleben Germany by Dr. Sreenivasulu (Fig.3.59). 
Cloning of all constructs was confirmed by restriction digestion (Fig. 3.60 and 3.61). 
These confirmed plasmids were transformed in Agrobacterium strain AGL-1 for 
wheat transformation.  
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Figure 3.58. Map of cloning of rd29A-DREB1A in plant expression vector 
(CGT-6400)          
 
 
 
 
 
 
 
 
  Figure 3.59. Map of cloning of LEA-SUT2 in plant expression vector (p6U) 
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Figure 3.60. Confirmation of cloning of rd29A-DREB1A by restriction with HindIII 
in CGT 6400 plant expression vector. Lane 1 represents the 1 kbp Ladder, Lane 2 
indicates the restriction of rd29A-DREB1A from CGT6400 and Lane 3 represents the 
unrestricted plasmid of CGT-6400-rd29A-DREB1A.  
 
 
 
 
 
 
 
 
 
 
 
Figure 3.61. Confirmation of cloning of LEA-SUT2 in p6U vector by restriction with 
Sfi enzyme. Lane 1 represents the 1 kbp Ladder, Lane 2 indicates the LEA-SUT2 
from p6U vector and Lane 3 represents the unrestricted plasmid of p6U-LEA-SUT2.  
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3.3.2. Genetic transformation of wheat 
Transformation of rd29A-DREB1A construct was conducted under the supervision of 
Dr. Nasir A Saeed at Wheat Biotechnology Lab, NIBGE, Faisalabad Pakistan. A local 
high yielding wheat cultivar (PUNJAB-2011) was used for Agrobacterium mediated 
transformation.  
The constructs SalT-DREB1A and LEA-SUT2 was transformed in spring wheat 
cultivar (Bobwhite Red) through Agrobacterium method under the supervision of Dr. 
Jochen Kumlehen at Plant Reproductive Biology Group, IPK Gatersleben, Germany.   
3.3.2.1. Callus induction efficiency 
A total of 4000 embryos of wheat (Punjab-2011) were isolated for rd29A-DREB1A 
construct, 3000 for SalT-DREB1A and 2000 for LEA-SUT2 construct.  Eighty 
immature embryos were cultured on one plate of Pre-Culture Media (PCM) 
(Appendix # 22). After 5 days of culturing, embryos were inoculated with 
Agrobacterium (AGL-1) having above mentioned constructs and co-cultured on CCM 
liquid media having Acetosyringone for 3 days (Appendix # 23). Sixteen embryos of 
each construct were shifted on Callus Induction cum selection Media (CIM) 
(Appendix#24). Average callus induction efficiency was 72 % for rd29-DREB1A 
clone, 86 % for SalT-DREB1A and 75 % for LEA-SUT2 clone.  
3.3.2.2. Regeneration  
Regeneration was noticed in all experiments of tissue culturing (Fig. 3.62). Maximum 
regeneration percentage was observed in rd29A-DREB1A (60 %) followed by SalT-
DREB1A (54 %) and the lowest regeneration (45 %) was recorded in LEA-SUT2 
experiment. Two types of regeneration media were used (RM Gills and K4N). 
Regeneration efficiency was counted for both strains Agrobacterium (LBA-4404 & 
AGL-1).  In all experiments of transformation it was noted that regeneration 
percentage was low in LBA-4404 (30 %) strain as compared to AGL-1 (45 %) on 
K4N media and 42 % and 54 % on RM Gills media (Appendix # 25) respectively. In 
all experiments average regeneration percentage was about 30 %. 
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3.3.2.3. Root formation 
Putative transgenic plants were continued to grow on RM Gills and K4N plus 25 g L
-1
 
Hygromycin medium while non-transgenic plants were unable to form roots. Roots 
were week and dark. Plants did not grow and wilted and became yellowish. 
Regenerated plants had light green color.  More roots were observed on K4N media 
and shoots were dark green. Less roots and callus was dark on RM Gills media.  
3.3.2.4. Selection of transgenic plants 
A total 1425 regenerated tissues of rd29A-DREB1A, 1296 tissues of SalT-DREB1A 
and 612 of LEA-SUT2 constructs were shifted on regeneration cum selection medium 
(Hygromycin). Media was replaced every two weeks. After four selections in petri 
plates, plants were shifted to tissue culture boxes containing the same media. It was 
observed that 136 plants of rd29A-DREB1A, 90 plants of SalT-DREB1A and 75 
plants of LEA-SUT2 constructs were survived on selection medium containing 
hygromycin @ 25mgL
-1
 and these plants were shifted to green house in pots. 
3.3.2.5. Establishments of putative transgenic plants in soil 
Plants were shifted to pots in soil and observed for their survival. Ninety eight plants 
of rd29A-DREB1A, 72 plants of SalT-DREB1A and 61 plants of LEA-SUT2 were 
survived in soil after one week of shifting. These survived plants grew vigorously and 
obtained normal phenotype. After 4 months these plants produced T1 seeds. 
3.3.2.6. Transformation efficiency 
Putative transgenic plants were confirmed by PCR, hygromycin leaf assay and 
Southern hybridization. It was observed that 33 plants of rd29A-DREB1A, 12 plants 
of SalT-DREB1A and 5 plants of LEA-SUT2 were confirmed positive. The overall 
transformation efficiency was 0.82 % for rd29A-DREB1A, 0.35 % for SalT-DREB1A 
and 0.12 % for LEA-SUT2 constructs. (Table 3.3) 
 
 
 
Chapter 3                                                                                                              Results 
 
119 
 
Table. 3.3. Regeneration and transformation frequency of wheat  
Constructs Number of 
isolated 
Embryos 
Callus 
induction 
Regeneration 
efficiency 
Survival rate 
on selection 
Plants 
survived 
in soil 
PCR 
Positive 
plants 
Transformation 
efficiency (%) 
(PCR positives) 
rd29A-DREB1A 
 
4000 2640 1425 136 98 33 0.82 % 
SalT-DREB1A 
 
3000 2160 1296 91 72 12 0.35 % 
LEA-SUT2 
 
2000 1360 612 75 61 5 0.12 % 
Chapter 3                                                                                                              Results 
 
120 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.62. Wheat transformation steps: a) Isolation of immature embryos, b) Axis 
(left) and scutellum (right) side of embryo, c) After 5 days, axis produces false callus 
and scutellum side produce embryogenic callus, d) Inoculation of 5 days old callus, e) 
Embryogenic callus induction, f) Regeneration from callus, g) Regenerated plantlets 
on selection medium, h) Selection of putative transgenes in box, i) Plants shifting in 
pots, j) Production of T1 seeds. 
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3.3.2.7. Hygromycin and basta leaf essay   
Hygromycin and basta leaf assay was performed for the detection of hygromycin  and 
basta marker genes in transgenic wheat leaves according to (Wang and Waterhouse, 
1997) recommendation. 
Leaves of transgenic wheat having LEA-SUT2, SalT-DREB1A and rd29A-DREB1A 
constructs were cut with scissor. After spraying with 70 % ethanol, leaves  of 
transgenic wheat (LEA-SUT2 and SalT-DREB1A) were stabbed in a 9 cm petri dish 
containing PRM medium supplemented with 200 mg L
-1
 hygromycin B  and  4mg L
-1
  
basta for transgenic leaves of rd29A-DREB1A and kept them in a light chamber at 24 
o
C, 16 h photoperiod at 20,000 lux for one week. Wild type leaves were also used 
with all these transgenic leaves. Four leaves (out of 5 leaves) of LEA-SUT2 construct 
(Fig. 3.63) and all 7 leaves of SalT-DREB1A (Fig. 3.64) had resistance against 
hygromycin B while control was completely bleached. Similarly all 20 transgenic 
leaves of rd29A-DREB1A construct (Fig. 3.65) had resistance against basta while 
control had lost chlorophyll.  
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Figure 3.63. Hygromycin leaf assay for LEA-SUT2 plants. Leaves 1-5 are transgenic 
but transgenic line 3 bleach out and leaf six shows control plant and it is completely 
bleached.  
 
 
 
 
 
 
 
 
Figure 3.64. Hygromycin leaf assay for SalT-DREB1A plants. Leaves 1-12 shows 
transgenic leaves and leaf 13 represent the control plant which is bleached.  
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Figure 3.65. Basta leaf assay for rd29A-DREB1A plants. Leaves 1-10 and 12-21 
represent transgenic plants and leaf 11 and 22 shows the control plants. 
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3.3.3. Confirmation of transgenic wheat plants  
Putative transgenic plants of wheat were confirmed at molecular level. 
3.3.3.1. Polymerase chain reaction 
Genomic DNA of the putative transgenic plants was isolated and then integration of 
rd29A-DREB1A, SalT-DREB1A and LEA-SUT2 were confirmed by polymerase 
chain reaction (PCR). Ubiquitin-hygromycin gene specific primers were used to 
confirm LEA-SUT2 plants (Fig. 3.66) and DREB1A specific primers were used for 
SalT-DREB1A (Fig. 3.67) and rd29A-DREB1A plants (Fig. 3.68). It was found that 5 
plants of LEA-SUT2 and 7 plants of SalT-DREB1A and 23 plants of rd29A-DREB1A 
construct were PCR positive. All the transgenic plants were phenotypically normal 
and had 3-5 tillers except one which was very week and had no tillers. 
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Figure 3.66. Confirmation of transgenic wheat plants expressing SUT2 gene under 
LEA promoter by PCR: Lane 1 represents 1 kbp DNA ladder and lanes 2-6 show 1 
kbp fragment of hygromycin gene in transgenic wheat plants. Lane 7 represents the 
wild type wheat with no amplification and lane 8 represents the plasmid positive 
control. 
 
C 
 
 
 
 
 
 
Figure 3.67. Confirmation of transgenic wheat plants expressing DREB1A gene 
under SalT promoter by PCR: Lane 1 represents 1 kbp DNA ladder and lanes 2-13 
show 0.65 kbp fragment of DREB1A in transgenic wheat plants. Lane 14 represents 
the wild type wheat with no amplification and lane 15 represents the plasmid positive 
control. 
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Figure 3.68. Confirmation of transgenic wheat plants expressing DREB1A gene 
under rd29A promoter by PCR: Lane 1 represents 1 kbp DNA ladder and lanes 2-23 
show 0.65 kbp fragment of DREB1A gene in transgenic wheat plants. Lane 24 
represents the wild type wheat with no amplification and lane 25 represents the 
plasmid positive control. 
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3.3.3.2. Southern hybridization analysis  
Southern hybridization analysis of 5 transgenic plants of LEA-SUT2, 12 plants of 
SalT- DREB1A and 20 transgenic plants of rd29A-DREB1A construct was done to 
confirm the integration in wheat genome. Good quality 30 µg genomic DNA of all 
PCR confirmed transgenic wheat plants, DREB1A plasmid and wild type plant were 
digested with BamHI enzyme and hybridized with 0.65 kbp DREB1A specific probe, 
similarly genomic DNA of SUT2 transgenic plants and one SUT2 plasmid and one 
wild type was digested with EcoRI enzyme and hybridized with 0.7 kbp hygromycin 
specific probe. Hybridization signal was obtained in four transgenic lines of SUT2 
(Fig 3.69, Lanes 1, 2, 4 and 5) while no signal was detected in transgenic line 3. It 
was confirmed by PCR and this PCR amplification may be due to presence of 
Agrobacterium in wheat plant or it may be contaminations. It was observed that 
transgenic lines 1 and 2 had one copy number and transgenic lines 4 and 5 had three 
and two copies of SUT2 gene respectively. Signal was also detected in plasmid vector 
(positive control) (Fig 3.69, Lane 7). Similarly in SalT-DREB1A plants, integrations 
were obtained in all 12 lines (Fig. 3.70, lane1-12) while no integration in wild type 
plant was obtained (Fig 3.70, lane 13). Signal was also detected in plasmid having 
hygromycin gene. It was found that six transgenic lines showed single copy insertion 
and rest of lines showed 2-4 copies. Result of southern hybridization of transgenic 
lines, containing rd29A-DREB1Aconstruct, showed hybridization. Signals were 
detected in all 20 transgenic lines (Fig. 3.71, Lanes 1-20) while wild type did not 
show any signal (Fig. 3.71, Lane 21). It was observed that 11 transgenic lines showed 
single copy insertion while other transgenic lines had 2-3 copy numbers. 
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Figure 3.69.  Southern hybridization analysis of transgenic lines containing LEA-
SUT2 construct. lanes 1-2 and 3-4 shows integration of SUT2 gene while lane 3 (PCR 
positive) and Lane 6 (control) did not show any integration. Lane 7 represents plasmid 
and Lane M represents the marker. 
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Figure 3.70.  Southern hybridization analysis of transgenic lines containing SalT-
DREB1A construct. Lanes 1-12 show integration of DREB1A gene in transgenic 
wheat plants while Lane 13 (control) did not show any integration in wheat genome. 
Lane 14 -DREB1A represents plasmid and Lane M represents the marker. 
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Figure 3.71.  Southern hybridization analysis of transgenic lines containing rd29A-
DREB1A construct. Lanes 1-20 show integration of DREB1A gene in transgenic 
wheat plants while Lane 21 (control) did not show any integration in wheat genome. 
Lane 22 represents plasmid and Lane M represents the marker. 
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3.3.3.3. Reverse transcriptase PCR (RT-PCR) 
Single copied transgenic plants were selected for selected for RT-PCR analysis. Four 
plants of LEA-SUT2, five transgenic plants of SalT-DREB1A and ten single copy 
plants of rd29A-DREB1A were used to examine the expression under drought stress 
condition. Reverse transcriptase PCR (RT-PCR) indicated expression in all four 
(WSZ1E1, WSZE2, WSZ5E5 and WSZ6E6) transgenic plants of LEA- SUT2 (Fig 
3.72, upper lanes 1 to 4) while there was no expression in wild type plant (Fig 3.72, 
upper lane 5). Five transgenic plants (WDZ1E14, WDZ2E19, WDZ9AE1, WDZ9BE8 
and WDZ786 E5) of SalT-DREB1A gene exhibited expression by RT-PCR (Fig 3.73, 
upper lanes 1 to 5) while wild type plant did not show expression (Fig 3.73, upper 
lane 6). Similarly rd29A-DREB1A transgenic wheat plants (Z-9-1, Z-10, Z-12, Z-26, 
Z-29, Z-33, Z-61, Z-66, Z-77 and Z-99) showed expression (Fig 3.74, Upper lane 1-
10) while wild type plant did not show expression (Fig 3.74, upper lane 11).  By 
contrast, the house-keeping gene (TaActin) showed expression in all samples 
including wild type control (Fig 3.72, 3.73 and 3.74 bottom panels).     
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Figure 3.72. Reverse transcriptase (semi- quantitative) PCR analysis of LEA-SUT2 
transgenic plants.  On top panel, lanes 1 to 4 (transgenic lines) showed expression and 
lane 5 (non-transformed control) did not show any expression. On bottom panel, 
TaActin1 gene was used as an internal control. 
 
 
 
 
 
 
 
Figure 3.73. Reverse transcriptase (semi- quantitative) PCR analysis of SalT-
DREB1A transgenic plants.  On top panel, lanes 1 to 5 (transgenic lines) showed 
expression and lane 6 (non-transformed control) did not show any expression. On 
bottom panel, TaActin1 gene was used as an internal control. 
 
 
 
 
 
 
 
 
 
Figure 3.74. Reverse transcriptase (semi- quantitative) PCR analysis of rd29A-
DREB1A transgenic plants.  On top panel, lanes 1 to 10 (transgenic lines) showed 
expression and lane 11 (non-transformed control) did not show any expression. On 
bottom panel, TaActin1 gene was used as an internal control. 
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3.3.4. Drought stress experiment 
Transgenic plants with single copy were selected for drought analysis. Seven 
independent lines of SalT-DREB1A construct, 5 lines of LEA-SUT2 construct and 10 
lines of rd29A-DREB1A transgenic wheat were used in this experiment. The drought 
stress experiments were conducted as follows: 
3.3.4.1. Germination test on mannitol  
To check the germination of transgenic and control plants under water stress, sixteen 
T1 surface sterilized seeds of transgenic wheat from each event of each construct were 
placed on filter paper moistened with 0 mM and 200 mM mannitol.  After 4-8 days, it 
was observed that transgenic plants having LEA–SUT2 did not show any difference 
as compared to control plants at 0 mM Mannitol, but at 200 mM mannitol, transgenic 
lines showed better germination as compared to control plants (Fig. 3.75).  
Similarly SalT-DREB1A wheat lines showed better and faster germination as 
compared to control plants on 200 mM mannitol while these plants did not showed 
any difference in germination with control plants on 0mM mannitol (Fig. 3.76).  
Transgenic plants of rd29A-DREB1A were also tested for seed germination on 
mannitol. It was observed that all the seeds transgenic lines performed faster and 
better germination than wild type plants (Fig. 3.77). 
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Figure 3.75. Germination analyses of LEA-SUT2 transgenic seed of wheat and wild 
type on 0 mM mannitol (bottom panel) and 200 mM Mannitol (Upper panel). First 4 
seeds represent the transgenic seeds and 5
th
 seed is wild type.  
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Figure 3.76. Germination assay of SalT-DREB1A transgenic seeds and wild type on 
0 mM (bottom panel) and 200 mM mannitol (Upper panel). First 7 seeds are 
transgenic and last (8) seed is wild type.  
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Figure 3.77. Germination analyses of rd29A-DREB1A transgenic seed of wheat and 
wild type on 0mM (upper panel) and 200 mM mannitol (bottom panel). First seed 
represents the wild type and 2 to 11 seeds represent the transgenic seeds.  
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3.3.4.2. Pot experiment 
Four T1 seeds of each transgenic wheat events and four seeds of control were sown in 
pots containing soil in RCBD. Water was applied at its normal requirement of plants 
but stress was applied at post-anthesis stage. It was noticed that all transgenic lines 
containing LEA-SUT2 and SalT-DREB1A gene showed drought tolerance and 
remained green that control plants (Fig.3.78 and 3.79). Similarly it was observed that 
transgenic lines of rd29A-DREB1A genes showed drought tolerance and did not wilt 
completely while control plants wilted (Fig.3.80).  
3.3.4.3. Field experiment 
A 200 ft
2
 plot was selected for field experiment. Plot was irrigated with canal water. 
When it attained field capacity, it was cultivated three times with cultivator and 
planked. After layout of field, 18 seeds from each event of transgenic wheat were 
planted with 6 inch plant to plant and 12 inch row to row distance. This experiment 
was conducted in two sets. In one set no irrigation was applied till maturity and in 
another set three irrigations was applied at critical stages. It was observed that 
transgenic wheat showed tolerance against drought stress while non-transgenic wheat 
was severely affected by drought. (Fig.3.81) Physiological data was recorded at post-
anthesis stage under drought stress and agronomic data was recorded at maturity. 
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Figure 3.78 . Drought stress analysis at anthesis stage of LEA-SUT2 transgenic wheat 
and wild type plants. Transgenic lines WSZ1 E1, WSZ1 E2, WSZ5 E3 and WSZE6 
show better performance than wild type control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.79. Drought stress analysis at anthesis stage of SalT-DREB1A transgenic 
wheat and wild type plants. Transgenic lines WDZ1 E14, WDZ2 E19, WDZ9A E3, 
WDZ9B E8 and WDZ786 E5 show better performance than wild type control. 
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Figure 3.80. Drought stress analysis at anthesis stage of rd29A-DREB1A transgenic 
wheat and wild type plants. Transgenic lines Z-9, Z-10, Z-12, Z-26, Z-29, Z-33, Z-61, 
Z-66, Z-77 and Z-99show better performance than wild type control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.81. Drought stress analysis on rd29A-DREB1A transgenic wheat in field. 
Transgenic plants exhibited tolerance against drought stress while non-transgenic are 
severely affected. 
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3.3.5. Physiological performance of transgenic wheat under drought stress 
Physiological assessment was carried out in terms of maintenance of relative water 
content, osmotic potential, water potential,  photosynthesis rate (Pn), transpiration rate 
(E) and stomatal conductance. These are the important parameters to identify the 
drought tolerance in plants. Water relations were recorded in all transgenic lines for 
each construct and respective non transgenic lines of wheat. There was a significant 
variation in all transgenic lines of wheat for these parameters. Results given below: 
3.3.5.1. Relative water content 
Drought stress significantly affected relative water content in wheat plants. 
Transgenic progenies (LEA-SUT2) were evaluated for RWC under both normal and 
water stress condition. Under normal irrigation, it was non-significant with wild type. 
But under water stress conditions, photosynthetic rate was maximum in transgenic 
progeny WSZ1E1 (82.26 %) followed by WSZ1E2 (80.98 %), WSZ6E6 (80.68 %) 
and WSZ5E3 (77.51 %) under drought stress condition. While in relevant non-
transgenic control, it was 67.84 % which was significantly lower than transgenic 
progenies (Table 3.4). 
 
RWC was also calculated in SalT-DREB1A transgenic progenies under normal and 
drought stress condition. Under drought stress, RWC was maximum in transgenic 
progenies WDZ1E14 (80.20 %) followed by WDZ9AE1 (79.04 %), WDZ2E19 
(78.70 %), WDZ9AE1 (77.83 %), WDZ786E5 (76.84 %) and WDZ9BE8 (75.39 %). 
However in respective non-transgenic control, it was significantly lower (70.50 %) 
under water limiting conditions (Table 3.6).  
 
It was observed that rd29A-DREB1A transgenic progeny of Z-66 exhibited maximum 
(81.52 %) relative water content followed by 80.48 %, 79.22 %, 78.94 %, 78.86 %, 
76.43 % and 76.36 % in transgenic progenies of Z-26, Z-10, Z-77, Z-9, Z-29 and Z-
12, respectively, under drought stress, while it was significantly lower (70.16 %) in 
the non-transgenic control line. Transgenic progenies of Z-33, Z-99 and Z-61 
exhibited 73.50 %, 73.39 % and 71.1 %, respectively, which was non-significant 
compared to wild-type plants (Table 3.8). 
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3.3.5.2. Leaf water potential (Ψw) 
Drought stress significantly affected the Ψw in all evaluated LEA-SUT2 transgenic 
plants. Under normal condition, leaf potential was almost non-significant in all 
transgenic plants of four independent events and wild type. It ranges from -0.852 to -
0.904 MPa in plants growing under normal condition. While under drought stress, 
transgenic event WSZ1 E1 attained significantly higher leaf water potential (-1.166 
MPa) followed by WSZ1E2 (-1.204 MPa), WSZ6E6 (-1.225 MPa) and WSZ5E3 (-
1.338 MPa). The respective non-transgenic plant maintained lower water potential (-
1.452 MPa) (Table 3.4). 
Water potential was also measured in SalT-DREB1A transgenic wheat plants and 
non- respective wild type. Under normal irrigation, there was no significant different 
between transgenic wheat and wild type. While under drought stress, transgenic event 
WDZ1-E14 exhibited maximum water potential (-1.169 MPa) followed by WDZ2-
E19 (-1.188 MPa), WDZ9B-E8 (-1.225 MPa), WDZ786-E5 (-1.252 MPa) and 
WDZ9A-E1 (-1.271 MPa).  The respective non-transgenic wheat showed significantly 
lower water potential (-1.422 MPa) than transgenic wheat events (Table 3.6) 
Drought stress also affected the water potential in all tested rd29A-DRE1BA 
transgenic wheat plants. Under normal condition, transgenic wheat plants exhibited 
non-significant Ψw with wild type plants. It ranged from -0.915 MPa to -0.898 MPa 
and -1.420 to -1.138 MPa under normal irrigation and drought stress condition 
respectively. Under drought stress, maximum Ψw (-1.138 MPa) was found in 
transgenic event Z-66 followed by         -1.159, -1.171, -1.181, -1.192 , -1.221, -1.224, 
-1.228, -1.251, -1.304 in Z-9, Z-10,  Z-61, Z-33, Z-99, Z-26, Z-77, Z-29, Z-12 
respectively. Minimum Ψw (-1.420) was observed in non-transgenic wheat which was 
non-significant to all transgenic events of wheat (Table 3.8). 
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3.3.5.3. Osmotic potential (Ψo) 
Drought stress reduced the Ψo in all tested LEA-SUT2 transgenic plants. Under 
normal condition, all transgenic plants maintained similar osmotic potential ranging 
from -1.221 MPa to -1.228 MPa. While under water stress conditions, highest osmotic 
potential (-1.777 MPa) was maintained by transgenic line WSZ1E1 followed by -
1.791 MPa, -1.841 MPa and -1.891 MPa in WSZ1E2, WSZ6E6 and WSZ5E3 
respectively. The respective non-transgenic plant maintained significantly lower 
osmotic potential (-1.941 MPa) (Table 3.4).  
Osmotic potential was also tested in SalT-DREB1A transgenic wheat plants and non- 
respective wild type. Under normal irrigation, there was no significant different 
between transgenic wheat and wild type. While under drought stress, transgenic event 
WDZ1-E14 exhibited significantly higher osmotic potential (-1.747 MPa) followed by 
WDZ2-E19    (-1.791 MPa), WDZ786-E5 (-1.821 MPa) and WDZ9B-E8 (-1.841 
MPa). Transgenic event WDZ9A-E1exhibited osmotic potential (-1.271 MPa) which 
was non-significant to osmotic stress (-1.921MPa) showed by wild type plant.  The 
respective non-transgenic wheat showed significantly low water potential (-1.422 
MPa) than transgenic wheat events (Table 3.6). 
Transgenic plants containing DREB1A gene under rd29A promoter did not show any 
significant difference in osmotic potential under normal irrigation. Osmotic potential 
ranged from -1.228 MPa to -1.221 MPa under normal condition. While under drought 
stress condition, maximum osmotic potential (-1.691 MPa) was attained by transgenic 
wheat event Z-66 followed by -1.708 MPa, -1.741 MPa, -1.743 MPa in transgenic 
events Z-10, Z-61 and  Z-9. Transgenic events Z-29 and Z-99 showed equal osmotic 
potential   (-1.774 MPa) followed by Z-33(-1.777 MPa). While respective non-
transgenic wheat attained significantly lower osmotic potential (-1.918 MPa). Some 
transgenic wheat events Z- 77, Z-26 and Z-12 attained non-significant osmotic 
potential -1.824 MPa, -1.857 MPa and -1.858 MPa respectively (Table 3.8). 
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3.3.5.4. Turgor potential (Ψt) 
Turgor potential was significantly lower in LEA-SUT2 transgenic plants growing 
under water stressed condition than plants growing under normal conditions. Turgor 
potential ranged from 0.317 to 0.376 MPa in all plants under normal condition. But 
under drought stress condition, transgenic plants maintained higher turgor potential 
than non-transgenic plants. It was significantly maximum in transgenic line WSZ6E6 
(0.616 MPa) followed by WSZ1E1 (0.611 MPa) and WSZ1E2 (0.587 MPa). 
Transgenic line WSZ5E3 maintained turgor potential 0.553 MPa which was non-
significant to respective non-transgenic plants (0.490 MPa) (Table 3.4). 
Turgor potential was also calculated in SalT-DREB1A transgenic wheat plants and 
non- respective wild type. Under normal irrigation, there was no significant different 
between transgenic wheat and wild type. While under drought stress, transgenic event 
WDZ9A-E1 exhibited significantly higher turgor potential (0.604 MPa) followed by 
WDZ9B-E8 (0.616 MPa), WDZ2-E19 (0.604 MPa), WDZ1-E14 (0.578 MPa) and 
WDZ786-E5 (0.570 MPa). Wild type plant attained significantly lower turgor 
potential (0.500 MPa) than transgenic wheat plants (Table 3.6).  
 
Under normal condition, rd29A-DREB1A transgenic wheat plants did not show any 
significant difference with wild type plants. It ranged from 0.309 MPa to 0.339 MPa 
in plant growing under normal irrigation. While under drought stress condition, 
transgenic wheat event Z-26 attained maximum turgor potential (0.632 MPa) 
followed by Z-77 (0.596 MPa) which were significantly more turgor potential than 
wild type plants. Minimum turgor potential (0.498 MPa) was attained by wild type 
plants. Transgenic events Z-9 and Z-33 attained equal turgor potential (0.584 MPa) 
followed by Z-61 (0.560 MPa). Similarly Z- 12, Z-66 and Z-99 exhibited same turgor 
potential (0.553 MPa) followed by Z-10 (0.537 MPa) and Z-29 (0.523 MPa) (Table 
3.8). 
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Table 3.4: Physiological performance of LEA-SUT2 transgenic wheat lines under normal water (W+) and water stress (W-) conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means in the same column and in the second last row sharing the same letter for each physiological trait did not differ significantly 
according to DMRT at P<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sr. 
No. 
Genotype 
Name 
Relative water contents 
(%) 
Water potential  
(MPa) 
Osmotic potential 
(MPa) 
Turgor potential  
(MPa) 
W+ W- W+ W- W+ W- W+ W- 
1 WSZ1 E1 94.633 a 82.257 b 0.891 d 1.166 c 1.224 e 1.777 d 0.332 c 0.611 a 
2 WSZ1 E2 94.257 a 80.983 b 0.904 d 1.204 c 1.221 e 1.791 cd 0.317 c 0.587 a 
3 WSZ5 E3 91.590 a 77.510 c 0.889 d 1.338 b 1.227 e 1.891 ab 0.338 c 0.553 ab  
4 WSZ6 E6 93.907 a 80.683 b 0.852 d 1.225 c 1.228 e 1.841 bc 0.376 c 0.616 a 
5 Wild type 92.727 a 71.560 d 0.900 d 1.452 a 1.226 e 1.941 a 0.326 c 0.490 b 
Mean 93.423 78.599 0.887 1.277 1.225  1.848 0.338 0.571 
CV % 2.04 3.55 2.40 10.51 
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Table 3.5: Mean square values of two ways ANOVA for different physiological characters in LEA-SUT2 transgenic wheat genotypes 
subjected to water stress condition 
Source DF Relative water content Water Potential Osmotic potential Turgor pressure 
Genotype 4 40.88 0.02303 0.00744       0.00645      
Treatment 1 1648.13    1.13841    2.91284    0.40927    
Genotype*Treatment 4 19.40      0.01921     0.00675       0.00322      
Error 20 3.36 0.00145 0.00125 0.00227 
Total 29     
* Significant at 0.05 % probability level 
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Table 3.6: Physiological performance of SalT-DREB1A transgenic wheat lines and wild type under normal water (W+) and water 
stress (W-) conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means in the same column and in the second last row sharing the same letter for each physiological trait did not differ significantly 
according to DMRT at P<0.05 
 
 
 
 
 
 
 
 
 
 
 
Sr. 
No. 
Genotype 
Name 
Relative water 
contents (%) 
Water potential  
(MPa) 
Osmotic potential 
(MPa) 
Turgor potential  
(MPa) 
W+ W- W+ W- W+ W- W+ W- 
1 WDZ1 E14 93.30 a 80.20 b 0.912 e 1.169 d 1.224 e 1.747 d 0.312 d 0.578 ab 
2 WDZ2 E19 93.92 a 78.70 b 0.924 e   1.188 cd             1.221 e 1.791 cd 0.297 d 0.604 ab  
3 WDZ9A E1 91.92 a 79.04 b 0.911 e  1.271 b 1.227 e 1.891 ab  0.315 d 0.620 a 
4 WDZ9B E8 93.57 a 77.73 b 0.892 e 1.225 bc 1.228 e 1.841 bc 0.336 d 0.616 ab 
5 WDZ786 E5 93.06 a 76.84 b 0.900 e 1.252 b 1.209 e 1.821 c 0.309 d 0.570 ab 
 control 93.06 a 70.50 c 0.891 e 1.422 a 1.226 e 1.921 a 0.335 d 0.500 c 
Mean 93.14 77.17 0.905 1.254 1.223 1.836 0.317 0.581 
CV %        2.89 2.73 2.31 6.20 
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Table 3.7: Mean square values of two ways ANOVA for different physiological characters in SalT-DREB1A transgenic wheat 
genotypes subjected to water stress condition 
Source DF Relative water content Water Potential Osmotic potential Turgor pressure 
Genotype 5 18.78      0.01032      0.00665       0.00263      
Treatment 1 2296.01    1.09795    3.38192    0.62594    
Genotype*Treatment 5 18.53      0.01471      0.00579       0.00408      
Error 24 6.05 0.00087 0.00125 0.00078 
Total 35     
* Significant at 0.05 % probability level 
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Table 3.8: Physiological performance of rd29A-DREB1A transgenic wheat lines under normal water (+W) and water stress (-W) 
conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means in the same column and in the second last row sharing the same letter for each physiological trait did not differ significantly 
according to DMRT at P<0.05 
 
 
 
 
 
 
 
 
Sr. 
No. 
Genotype 
name 
Relative water 
contents (%) 
Water potential  
(MPa) 
Osmotic potential 
(MPa) 
Turgor potential  
(MPa) 
w+ w- w+ w- w+ w- w+ w- 
1 Z-9 93.813  a 78.860 bc 0.9057 g 1.1590 ef 1.2237 f 1.7437 de 0.3180 d 0.5847 abc 
2 Z-10 92.840  a 79.220 bc 0.9037 g 1.1710 ef 1.2210 f 1.7080 de 0.3173 d 0.5370 bc 
3 Z-12 92.273  a 76.367 cd 0.9087 g 1.3047 b 1.2467 f 1.8580 ab 0.3380 d 0.5533 abc 
4 Z-26 92.513  a 80.480 b 0.9123 g 1.2247 cd 1.2283 f 1.8573 ab 0.3160 d 0.6327 a 
5 Z-29 90.563  a 76.437 cd 0.9003 g 1.2517 c 1.2393 f 1.7747 cd 0.3390 d 0.5230 bc 
6 Z-33 90.967  a 73.500 de 0.9057 g 1.1923 de 1.2237 f 1.7770 cd 0.3180 d 0.5847 abc 
7 Z-61 91.813  a 71.100 e 0.9137 g 1.1810 ef 1.2343 f 1.7413 de 0.3207 d 0.5603 abc 
8 Z-66 93.173  a 81.517 b 0.8987 g 1.1380 f 1.2267 f 1.6913 e 0.3280 d 0.5533 abc 
9 Z-77 90.570  a 78.940 bc 0.9190 g 1.2280 cd 1.2283 f 1.8240 bc 0.3093 d 0.5960 ab 
10 Z-99 91.530  a 73.393 de 0.9050 g 1.2217 cd 1.2427 f 1.7747 cd 0.3377 d 0.5530 abc 
11 CONTROL 92.120  a 70.503  e 0.9150 g 1.4200 a 1.2260 f 1.9180 a 0.3110 d 0.4980 c 
 mean 92.0055 76.98 0.9074 1.2255 1.2315 1.775 0.3241 0.5495 
 cv % 2.52 2.70 3.04 10.81 
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Table 3.9: Mean square values of two ways ANOVA for different physiological characters in rd29A-DREB1A transgenic wheat 
genotypes subjected to water stress condition 
Source DF Relative water content Water Potential Osmotic potential Turgor potential 
Genotype 4 10 27.99      0.01018      0.00776       
Treatment 1 1 4027.62    1.67459    5.11967    
Genotype*Treatment 4 10 18.43      0.00881      0.00694       
Error 20 44 4.51 0.00083 0.00211 
Total 29     
* Significant at 0.05 % probability level
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3.3.5.5. Photosynthetic rate (Pn) 
 
Photosynthetic rate was significantly higher in transgenic wheat plants of LEA-SUT2 
than non-transgenic plants under water stress condition. Maximum photosynthetic rate 
(18.166 μmol m-2s-1) was observed in transgenic line WSZ1E1 followed by 13.766 
μmol m-2s-1, 10.46 μmol m-2s-1and 8.57 μmol m-2s-1 in WSZ1E2,WSZ6E6 and 
WSZ5E3 respectively while in  respective non-transgenic control, it was 5.07 
μmol/m2s-1 which was significantly lower than transgenic progenies under drought 
condition (Fig 3.82). 
Similarly photosynthetic rate was also calculated in transgenic progenies of SalT-
DREB1A. Results showed that transgenic line WDZ1E14 attained maximum Pn 
(11.83 μmol m-2s-1) followed by 10.68 μmol m-2s-1, 9.29 μmol m-2s-1, 8.19 μmol m-2s-
1, 7.89 μmol m-2s-1and 7.02 μmol m-2s-1in WDZ2E19, WDZ9AE3,  WDZ9AE1, 
WDZ9BE8 and WDZ786E5 respectively. Non-transgenic control showed 
significantly lower Pn (4.70 μmol m-2s-1) under drought stress condition (Fig 3.83). 
Transgenic progenies of rd29A-DREB1A performed significantly better than non- 
transgenic control regarding photosynthetic rate Under drought conditions, it was 
observed that transgenic progeny of Z-66 achieved maximum photosynthesis (10.90 
μmol m-2s-1) followed by 9.10 μmol m-2s-1, 8.76 μmol m-2s-1, 8.08 μmol m-2s-1, 8.02 
μmol m-2s-1, 7.89 μmol m-2s-1and 7.41 μmol m-2s-1in Z-26, Z-9, Z-77, Z-10, Z-29 and 
Z-12. The photosynthetic rate was significantly lower (5.05 μmol m-2s-1) in non-
transgenic plants under water-limiting conditions (Fig 3.84).  
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Figure 3.82. Photosynthetic rate of transgenic plants expressing LEA-SUT2. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
 
 
 
 
Figure 3.83. Photosynthetic rate of transgenic plants expressing SalT-DREB1A. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
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Figure 3.84. Photosynthetic rate of transgenic plants expressing rd29A-DREB1A. 
Bars represent standard error over three replicates. Alphabets show the significant or 
non-significant among means. 
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3.3.5.6. Transpiration rate (E) 
Transpiration rate was significantly higher in transgenic plants of LEA-SUT2 growing 
under drought condition than wild type. Maximum transpiration rate (4.82 mmol m
-2
s
-
1
) was noticed in transgenic line WSZ1E2 followed by 4.25 mmol m
-2
s
-1
and 3.61 
mmol m
-2
s
-1
in WSZ1E1 and WSZ6E6 respectively.  While transgenic progeny 
WSZ5E3 and wild type exhibited significantly low transpiration rate 1.64 and 0.98 
mmol m
-2
s
-1
respectively under water stress condition (Fig 3.85).  
Similarly transgenic progenies of SalT-DREB1A showed significantly more 
transpiration rate than non-transgenic lines under water stress condition. Transgenic 
progeny WDZ1E14 exhibited maximum transpiration rate (2.46 mmol m
-2
s
-1
) 
followed by 1.91, 1.75, 1.58, 1.54 and 1.48 mmol m
-2
s
-1
in WDZ2E19, WDZ9AE3, 
WDZ9AE1, WDZ9BE8 and WDZ786E5 respectively while respective non-transgenic 
exhibited significantly lower (0.89 mmol m
-2
s
-1
) under water stress condition (Fig 
3.86).  
Transpiration rate was also calculated in transgenic progenies of rd29A-DREB1A. It 
was observed that transgenic progeny of Z-66 attained the maximum (2.04 mmol m
-
2
s
-1
) transpiration rate under drought conditions, followed by 1.96, 1.90, 1.85, 1.73 
and 1.68 mmol m
-2
s
-1
in Z-9, Z-77, Z-26, Z-10 and Z-29, respectively, while it was 
significantly lower (1.13 mmol m
-2
s
-1
) in the non-transgenic control line (Fig 3.87).  
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Figure 3.85. Transpiration rate of transgenic plants expressing LEA-SUT2. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
 
 
 
 
 
 
Figure 3.86. Transpiration rate of transgenic plants expressing SalT-DREB1A. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
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Figure 3.87. Transpiration rate of transgenic plants expressing rd29A-DREB1A. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
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3.3.5.7. Stomatal conductance 
Water stress had clear adverse effect on stomatal conductance. Stomatal conductance 
was measured in LEA-SUT2 transgenic progeny under drought condition. Maximum 
stomatal conductance (5.59 mmol m
-2
s
-1
) was observed in transgenic progeny 
WSZ1E2 followed by 4.83 and 4.68 mmol m
-2
s
-1
in WSZ1E1 and WSZ6E6 
respectively. WSZ5E3 exhibited significantly less stomatal conductance (2.80 mmol 
m
-2
s
-1
) followed by respective wild type (1.77 mmol m
-2
s
-1
) under drought stress 
condition (Fig 3.88). 
Similarly stomatal conductance was determined in SalT-DREB1A transgenic progeny 
under water stress condition. Transgenic progeny WDZ1E14 maintained maximum 
stomatal conductance (3.51 mmol m
-2
s
-1
) followed by WDZ2E19 (2.90) and 
WDZ9AE3 (2.60). Progeny WDZ9AE1 attained C (2.44) closely followed by 
WDZ9BE8 (2.43) and WDZ786E5 (2.43) which was non-significant with other 
transgenic progenies. Minimum stomatal conductance (1.67) was achieved by relative 
wild type under drought condition (Fig 3.89). 
Transgenic progenies (rd29A-DRE1BA) were also evaluated for stomatal 
conductance under drought stress conditions. The maximum stomatal conductance 
(3.96 mmol/ m
-2
s
-1
) was achieved by transgenic progeny of Z-66 followed by 2.90, 
2.84 and 2.78 mmol m
-2
s
-1
in Z-77, Z-26 and Z-9 respectively. While it was 
significantly lower (2.62, 2.29 and 1.61 mmol m
-2
s
-1
) in Z-10, Z-29 and wild type 
respectively (Fig 3.90).  
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Figure 3.88. Stomatal conductance of transgenic plants expressing LEA-SUT2. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
 
 
 
 
 
Figure 3.89. Stomatal conductance of transgenic plants expressing SalT-DREB1A. 
Bars represent standard error over three replicates. Alphabets show the significant or 
non-significant among means. 
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Figure 3.90. Stomatal conductance of transgenic plants expressing rd29A-DREB1A. 
Bars represent standard error over three replicates. Alphabets show the significant or 
non-significant among means. 
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3.3.6. Agronomic performance of transgenic wheat under stress 
 
All important agronomic parameters i.e. plant height, flag leaf area, no of tillers per 
plant and grain yield were recorded during the course of study. Interaction between 
drought stress treatment x wheat lines was statistically significant for all observed 
agronomic parameters at P<0.05. It was observed visually that transgenic lines 
showed better growth and stayed green when compared with non-transgenic line.  
3.3.6.1. Plant height (cm) 
Drought stress significantly affected the plant height. It was observed that LEA-SUT2 
transgenic progeny WSZ1E1 attained maximum plant height (62.67 cm) followed by 
WSZ1E2 (62 cm) and WSZ6E6 (61.67 cm). Transgenic line WSZ5E3 and wild type 
wheat attained significantly less height (60.33 cm and 57.67 cm) than that of 
transgenic progeny (E1, E2 and E6) in water stress environments (Fig 3.91). 
Similarly SalT-DREB1A transgenic progenies were also examined for plant height 
with respect to non-transgenic wheat under drought stress condition. Transgenic 
progeny WDZ1E14 achieved maximum height (62 cm) followed by WDZ2E19 
(60.33 cm), WDZ9A E1 (58 cm), WDZ9A E3 (57.33 cm) and WDZ785E5 (56 cm). 
While transgenic progeny WDZ9BE8 and wild type achieved plant height 55.67 cm 
and 50.33 cm respectively which were significantly lesser than transgenic progeny 
under drought stress conditions (Fig 3.92). 
Plant height was also recorded in transgenic progeny containing rd29A-DREB1A 
gene under drought stress conditions. Data showed that transgenic progeny Z-66 
attained maximum height (58.67 cm) followed by Z-99 (53.33 cm), Z-26 (51.67 cm), 
Z-29 (51 cm) and Z-33 (50.67 cm). Transgenic progeny Z-10 and Z-77 attained equal 
height (50.33 cm). Z-61 attained significantly lower plant height (49.67 cm) followed 
by Z-9 (49 cm). Respective wild type plants attained plant height (48 cm) which was 
significantly lower than that of above seven transgenic lines. The minimum plant 
height (47.33 cm) was observed in transgenic progeny Z-99 under drought stress (Fig 
3.93). 
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Figure 3.91. Plant height of transgenic lines expressing LEA-SUT2. Bars represent 
standard error over three replicates. Alphabets show the significant or non-significant 
among means. 
 
 
 
 
    
 
Figure 3.92. Plant height of transgenic lines expressing SalT-DREB1A. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
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Figure 3.93. Plant height of transgenic lines expressing rd29A-DREB1A. Bars 
represent standard error over three replicates. Alphabets show the significant or non-
significant among means. 
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3.3.6.2. Flag leaf area (cm
2
) 
Flag leaf area of mother shoot of randomly selected plants in each replication was 
measured with electric leaf area meter and then average was calculated. It was 
observed that transgenic wheat progeny (Bobwhite red) (LEA-SUT2) exhibited 
significantly higher flag leaf area than wild type. Maximum flag leaf area (15.13 cm
2
) 
followed by WSZ6E6 (15.06 cm
2
), WSZ1E2 (14.13 cm
2
) and WSZ5E3 (12.33 cm
2
) 
under drought stress. While flag leaf area of wild type was significantly lower (10.84 
cm
2
) than transgenic wheat lines (Fig 3.94). 
Under water stress conditions, flag leaf area of transgenic wheat progeny (Bobwhite 
red) expressing SalT-DREB1A was significantly greater than non-transgenic wheat. 
Maximum flag leaf area (14.7 cm
2
) was attained by transgenic progeny WDZ1E14 
followed by WDZ786E5 (14.2 cm
2
), WDZ9BE8 (14.16 cm
2
), WDZ2E14 (14.06 cm
2
), 
WDZ9AE3 (13.87 cm
2
) and WDZ9AE1 (12.67 cm
2
). Wild type attained significantly 
lower flag leaf area (11.16 cm
2
) than transgenic events under drought stress condition 
(Fig 3.95). 
Transgenic progeny (Punjab-11, rd29A-DREB1A) showed increased flag leaf area as 
compared to the wild-type. It was maximum (19.00 cm
2
) in transgenic progeny of Z-
66 followed by 17.38 cm
2
, 16.75 cm
2
, 16.47 cm
2
, 16.25 cm
2
, 16.24 cm
2
 and 16.18 cm
2
 
in Z-26, Z-9, Z-10, Z-77, Z-29 and Z-12, respectively, while wild-type plants 
exhibited 14.18 cm
2
) (Fig 3.96). 
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Figure 3.94. Flag leaf area of transgenic lines expressing LEA-SUT2 under drought 
stress. Bars represent standard error over three replicates. Alphabets show the 
significant or non-significant among means. 
 
 
 
 
Figure 3.95. Flag leaf area of transgenic lines expressing SalT-DREB1A under 
drought stress. Bars represent standard error over three replicates. Alphabets show the 
significant or non-significant among means. 
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Figure 3.96. Flag leaf area of transgenic lines expressing rd29A-DREB1A under 
drought stress. Bars represent standard error over three replicates. Alphabets show the 
significant or non-significant among means. 
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3.3.6.3. Number of tiller per plants 
Number of tillers per plants was also affected by drought stress. It was observed that 
transgenic (LEA-SUT2) event E2 attained maximum number of tillers (6) under 
drought stress condition followed by E3 (5.33). Transgenic events WSZ1E1 and 
WSZ6E6 achieved equal number of tillers (5). Minimum number of tillers (4) was 
attained by respective non transgenic wheat under water stress environments (Fig 
3.97). 
Similarly SalT-DREB1A transgenic lines WDZ9AE1 gained maximum number of 
tillers (7) under water limiting condition followed by transgenic line WDZ9AE3 (6) 
and WDZ1E14 (5). Transgenic lines WDZ2E19 and WDZ786E5 produced equal 
number of tillers (4.67) followed by WDZ9BE8 (4.33). Minimum number of tillers 
(4) was observed in non-transgenic wheat which was significantly lower than 
transgenic lines (WDZ9AE1 and WDZ9AE3) under drought stress conditions (Fig 
3.98). 
Number of tillers was also calculated in transgenic lines containing rd29A-DREB1A 
gene under drought stress. Data showed that transgenic line Z-26 and Z-66 attained 
maximum number of tillers (6.67) followed by Z-29 (6) and Z-77 (5.67) which were 
significantly higher than non-transgenic wheat (3.67). Transgenic lines Z-12 and Z-9 
attained 5.33 and 5 tillers per plant respectively. Transgenic lines Z-10, Z-33 attained 
equal number of tillers (4.67) followed by Z-61 (4.33) and Z-99 (4) under drought 
stress condition (Fig 3.99). 
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Figure 3.97. Number of tillers per plant of transgenic lines expressing LEA-SUT2 
under drought stress. Bars represent standard error over three replicates. Alphabets 
show the significant or non-significant among means. 
 
 
Figure 3.98. Number of tillers per plant of transgenic lines expressing SalT-DREB1A 
under drought stress. Bars represent standard error over three replicates. Alphabets 
show the significant or non-significant among means. 
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Figure 3.99. Number of tillers per plant of transgenic lines expressing rd29A-
DREB1A under drought stress. Bars represent standard error over three replicates. 
Alphabets show the significant or non-significant among means. 
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3.3.6.4. Grain yield (g) 
Thousand grain weights from each plant from each event were taken The data of 1000 
grain weight from transgenic plants containing LEA-SUT2 gene showed that the 
transgenic line WSZ1E1 achieved maximum 1000 grain weight of 29.58 g under 
drought stress condition followed by the transgenic line WSZ1E2 (27.53 g) and 
WSZ6E6 (26.6 g). The minimum 1000 grain weight was gained by transgenic line E3 
(24.66 g). The non-transgenic line achieved 20.33 g of 1000 grain weight which was 
significantly lesser than transgenic lines containing LEA-SUT2 gene under water 
limiting conditions (Fig 3.100). 
Data of 1000 grain weight was recorded from transgenic lines containing SalT-
DREB1A gene. It was observed that transgenic line WDZ1E14 attained maximum 
1000 grain weight of 28.33 gram followed by WDZ9AE1 (27.93 g) and WDZ2E19 
(27.4 g).  WDZ9BE8 and WDZ9AE1 attained same 1000 grain weight (27 g) under 
drought stress condition. WDZ785 gained 25 g of 1000 grain weight which was non-
significant with non-transgenic wheat, while non-transgenic line achieved (22.33 g) 
which was significantly lower under water stress condition (Fig 3.101). 
Thousand grain weight was also recorded in transgenic line having rd29A-DREB1A 
gene. Data showed that transgenic line Z-9 achieved the maximum 1000 grain weight 
of 30.66 g followed by Z-66 (29.6 g), Z-29 (29.33 g), Z-10 (28.88 g), Z-26 (27.40 g), 
Z-77 (26.16 g) and Z-12 (25.88 g) under water limiting condition. Transgenic lines Z-
33, Z-61 and Z-99 achieved 1000 grain weight of 25.2 g, 25.13 g and 24.67 g 
respectively. The minimum 1000 grain weight (22.4 g) was attained by non-
transgenic wheat under drought stress condition which was significantly lower than 
the transgenic lines under drought stress condition (Fig 3.102). 
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Figure 3.100. Thousand grain weight of transgenic lines expressing LEA-SUT2 under 
drought stress. Bars represent standard error over three replicates. Alphabets show the 
significant or non-significant among means. 
 
          
Figure 3.101. Thousand grain weight of transgenic lines expressing SalT-DREB1A 
under drought stress. Bars represent standard error over three replicates. Alphabets 
show the significant or non-significant among means. 
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Figure 3.102. Thousand grain weight of transgenic lines expressing rd29A-DREB1A 
under drought stress. Bars represent standard error over three replicates. Alphabets 
show the significant or non-significant among means. 
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        DISCUSSION 
Abiotic stresses adversely affect agricultural production. (Boyer, 1982; Munns and 
Tester, 2008; Reynolds and Tuberosa, 2008). Due to their wide spread occurrence, 
crops are affected in many ways leading worldwide economic losses in agriculture. 
Abiotic stresses disturb the water relations of a whole plant causing specific and non-
specific reactions and damages which result in the adaptation of many strategies by 
the plant (Beck et al., 2007). Drought alone is responsible for losses in crop 
production negatively impacting food security and thus influences socio-economic 
structure of a number of developing nations.  Lack of water, poor quality water for 
irrigation and soil salinity are the main constrains that are becoming more severe with 
the passage of time (Flowers, 2004). 
All abiotic stresses are mostly interlinked and may induce similar cellular damage 
(Ingram and Bartels, 1996). Drought and salinity are a natural part of tropical habitats 
affecting arable land, increasing desertification and salinization. These factors are the 
cause of decreasing production of most important crops up to 50 % (Bray et al. 2000). 
The potential crop losses are estimated at 40 % due to high temperature, 20 % due to 
salinity, 17 % due to drought, 15 % due to low temperature and 8 % due to other 
aspects (Rehman et al. 2005; Ashraf et al., 2008). 
Drought is an important element amongst various other abiotic stresses that limits the 
crop production globally. It is the single most acute risk to the food security of the 
world. As water availability is reducing in the world, demand for food is increasing. 
Rapidly growing population pressure is expected to make  the drought effects worse 
(Somerville and Briscoe, 2001). The drought severity is irregular as it is influenced by 
many factors such as amount and dispersal of rainfall, evaporative demands and water 
retention ability of soils (Wery et al., 1993). United Nations estimated that one third 
of the world’s population lives in regions where water is limited (FAO 2003). In 
addition; it is predicted that1.8 billion people will live in areas with acute water 
shortage by 2025.  
Signal transduction, transcriptional regulation and gene expression studies have 
helped to understand the mechanism of drought tolerance in plants (Zhu et al., 2010). 
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4.1. Characterization of expression pattern of SalT promoter in barley 
Promoters play a central part in regulating gene expression. Introns and sequences 
nearby translation initiation codons are essential cis-elements that control gene 
expression. Regulated expression of transgene is an essential feature of transgenic 
technology. For high level of expression of gene, tissue specific expression of 
transgene is also a vital concern while making the choice of a promoter. It has been 
established that promoter strength, stress inducibility, developmental phase or tissue 
specific promoters are very important for modifying plant response to these stresses 
(Bajaj et al., 1999). It is very important to understand and regulate the expression of 
the transgene(s) in the target tissue. In this study, expression pattern of the rice SalT 
promoter was characterized in barley using GFP and GUS reporter genes. 
GUS gene which encodes the β-glucuronidase is mostly used as a reporter due to its 
increased sensitivity and ease in assays. This reporter generates patterns of enzyme 
activity that can be visualized upon the assay.  These patterns are produced by 
diffusion of soluble indoxyl product and development of insoluble indigo by 
oxidation and dimerization in the neighboring tissue (Mascarenhas and Hamilton, 
1992).  
GFP gene when used as a reporter can be seen directly in cells of living plants. It has 
eradicated the requirement of substrate and problems linked with it. On the other 
hand, an auto-fluorescence is produced by some plants which makes it difficult at 
times to find the flurescence caused by the introduced gene (Sheen et al., 1995). In 
our present study, we were able to analyze the expression pattern of SalT promoter in 
barley using GUS and GFP as reporter genes. 
OsSalT promoter was cloned with GUS and GFP reporter genes and was transformed 
in barley separately. After selection on hygromycin, callus was examined for GUS 
and GFP. It was observed that above 50 % of the callus showed GUS and around 64 
% callus showed GFP expression in barley. Similarly leaves, shoots and roots were 
analyzed for GUS and GFP expression. Results showed that GUS and GFP were 
expressing in leaves, shoots and roots under SalT promoter. Transgenic lines of barley 
were confirmed with Hygromycin leaf assay and then PCR. A total of 22 transgenic 
lines of SalT-GUS and 20 transgenic lines of SalT-GFP were confirmed to be 
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positive. Similar to these results, promoter Pht1; 1-D5 showed expression throughout 
the root but not in epidermal cells (Schünmann et al., 2004). Ahmad et al., (2012) 
characterized expression pattern of α-kaf promoter in corn and sorghum with GFP 
reporter gene. It was observed that this promoter is functional in controlling seed 
specific GFP expression. GFP was observed in embryo and endosperm of sweet corn 
and sorghum but not in leaf and callus of sorghum.  
Similarly, it was observed by Lu et al., (2008) that rubi3 promoter with 50-UTR 
intron was present in all cells and tissues and it maintained higher constitutive 
expression of reporter genes when compared with maize Ubi-1 promoter. Related 
results were observed with maize Ubi-1 promoter expressed in wheat (Rooke et al., 
2000) and rice (Cornejo et al., 1993; Takimoto et al., 1994). Plesse et al., (2001) also 
observed the same phenomenon with tobacco Ubi.U4 promoter expressed in tobacco. 
These results showed that SalT promoter could be an essential addition to the 
collection of strong and stress inducible promoters for biotechnology and plant 
transformation. Based on these results and observations, SalT promoter was cloned 
with DREB1A gene to over-express it in tobacco and wheat. 
4.2. Cloning of DREB1A gene under SalT and FMV promoter and expression in 
tobacco (Nicotiana tabacum L.) 
Among various transcription factors, DREB plays a vital role in modifying gene 
expression in response to abiotic stresses through abscisic acid (ABA)-independent 
pathway (Sreenivasulu et al., 2007). The DREBs also known as C-repeat binding 
factor (CBF) proteins belong to ERB sub-family play vital role in plants in response 
to various abiotic stresses (Shinozaki and Yamaguchi-Shinozaki 2000; Yamaguchi-
Shinozaki and Shinozaki 1993, 1994).  It is believed that DREB1 gene family 
interacts with the DRE gene family and induces expression of the various abiotic 
stress tolerant genes (Liu et al. 1998). The DREB1A (Dehydration responsive element 
binding) gene binds the promoter such as rd29 or CaMV35S and induce expression of 
gene in response to the various abiotic stresses such as cold, salt and drought 
(Stockinger et al. 1997).  
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The present study was conducted to see the expression of AtDREB1A gene under the 
control of a constitutive strong FMV (Figwort Mosaic Virus) and stress inducible 
SalT promoter. These constructs were transformed into tobacco through 
Agrobacterium- mediated transformation. Putative transgenic plants were confirmed 
positive by the PCR amplification of desired gene (AtDREB1A) in tobacco from the 
DNA samples. Similarly, Southern hybridization indicated the integration of 1-4 
copies in putative transgenic tobacco plants in our study, while Pellegrineschi et al., 
(2004) found multiple integration of 1-10 copies during analyzing 12 wheat 
transgenic lines by southern blotting. Low copy number is always preferred in 
transgenic plants, and in this study, transgenic tobacco lines having single copy were 
selected for analysis.  
Expression of inserted gene was evaluated using reverse transcriptase PCR (RT-
PCR). Both FMV-DREB1A and SalT-DREB1A transgenic lines showed strong gene 
expression while there was no expression in wild type control plants. These results 
revealed that FMV represented itself as a strong constitutive promoter and SalT 
showed itself as a good stress inducible promoter which in turn induced the 
expression of AtDREB1A gene in tobacco plants conferring the drought stress 
tolerance in transgenic plants. Kasuga et al., (2004) observed lower expresion of 
DREB1A under rd29A promoter in tobacco plants as compared to both 35S-
DREB1Aa and 35S-DREB1Ab tobacco plants under normal growth conditions. While 
tobacco plants containg 35S-DREB1A exhibited stunted growth under same 
condition. This growth retardation may be due to altered level of transgene 
expression. Similarly, Arabidopsis plants expressing 35S-OsDREB1 gene showed 
increased tolerance to heat and drought (Jin et al., 2010). 
Morphological observations indicated that constitutive expression of AtDREB1A 
resulted in growth retardation in transgenic tobacco but stress inducible expression of 
AtDREB1A under SalT promoter did not show any abnormalities in growth. Similar 
results were claimed in groundnut transgenics containing rd29A-DREB1A. While  
35S-DREB1A groundnut plants showed growth retardation even under control 
conditions (Bhatnagar-Mathur et al., 2007). Hsieh et al. (2002a); (2002b) also 
observed the same growth retardation in tomato plants overexpressing CBF1 
(DREB1B) gene. Similarly, growth retardation was also observed in transgenic potato 
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expressing DREB1A gene under rd29A promoter (Behnam et al., 2006). Transgenic 
tobacco plants did not show any negative effect on plant growth by using the 
combination of  DREB1A gene and rd29A promoter (Kasuga et al., 2004). Oh et al., 
(2005) observed that transgenic rice plants (Ubi1-CBF3) showed neither stunted 
growth nor visible phenotypic changes even with the use of constitutive promoter. 
These several reports and our existing observations suggested that various DREB 
transgenic plants exhibiting stunted growth are not a general experience. It might be 
due to type of promoter, gene source and host plant. 
Growth of the FMV- DREB1A and SalT- DREB1A transgenic plants of tobacco was 
compared with control plants by growing them on agar plates containing mannitol 
(200 mM) and PEG (20 %). It was observed that AtDREB1A clearly encouraged 
growth of transformed plants as evidenced by improved seed germination, fresh 
weight of seedlings, root growth and plant growth under osmotic stress. Seed 
germination analysis indicated that T1 seeds of both FMV-DREB1A and SalT-
DREB1A transgenic lines were able to germinate on 200 mM mannitol and 20 % 
PEG when compared with wild type control seeds. Stress inducible expression of 
AtDREB1A might be very important to the induction of numerous genes responsible 
for maintaining osmotic regulation in transgenic plants and may enable them to grow 
well. Under high mannitol stress, root growth and root elongation of both FMV-
DREB1A and SalT- DREB1A transgenic tobacco plants was more than the wild type. 
It was also observed that SalT-DREB1A plants exhibited more lateral root 
development under mannitol stress than FMV-DREB1A plants. Lateral root formation 
would be affected by modification in the levels of phyto-hormones like ethylene, 
auxins and ABA or even the mutations in the corresponding signaling pathways. 
(Brady et al., 2003; Tian et al., 2004). Similarly, transgenic tobacco seedlings 
showing stress inducible expression of AtDREB1A gained more fresh weight over 
transgenic lines showing constitutive expression but both produced significantly 
higher fresh weight than wild type seedlings under mannitol stress. Similar results 
were shown earlier in transgenic tobacco constitutively expressing OsDREB1B under 
high salt stress (Gutha and Reddy, 2008). Transgenic tobacco expressing mannitol-1 
phosphate dehydrogenase gene showed increased dry weight than wild type under 
osmotic stress condition (Karakas et al., 1997). These reports and our results 
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concluded that either ectopic or stress inducible expression of DREB1A gene 
enhanced higher drought tolerance in tobacco plants. 
The tolerance levels of the FMV-DREB1A and SalT-DREB1A transgenic tobacco to 
drought stress were compared with those of the control plants grown in pots. In pots 
when water was with-held for 10 days, both FMV-DREB1A and SalT-DREB1A 
tobacco plants showed higher stress tolerance to drought than the control plants. 
Transgenic lines exhibited more growth than control when drought stress was 
imposed for 2 weeks at pod formation stage. Similar observations have been made in 
transgenic A. thaliana overexpressing DREB1A gene under constitutive promoter,  
enhanced drought tolerance was achieved at the expense of growth and production 
(Kasuga et al., 1999).  Tobacco plants expressing DREB1A under 35S and rd29A  
promoters showed higher drought tolerance than the control plants (Kasuga et al., 
2004). Transgenic tobacco plants expressing OsDREB1B under CaMV35S promoter 
showed better seed germination, enhanced root growth and improved membrane 
stability under mannitol treatment. Notably, transgenic plants retained more water, 
showed higher fresh weight as compared to wild type under drought stress and 
exhibited wide range stress tolerance. (Gutha and Reddy, 2008). These reports are 
consistent with our reports. 
Physiological data indicated that both FMV-DREB1A and SalT-DREB1A transgenic 
plants possessed more relative water content, elevated photosynthetic rate, stomatal 
conductance, transpiration rate and water use efficiency under water stress conditions 
than wild type.  These results are in line with Karakas et al., (1997) who observed that 
transgenic tobacco expressing mannitol-1 phosphate dehydrogenase gene showed 
more relative water contents than wild type under osmotic stress. Similarly, Passioura, 
(1977) observed that most of transgenic events of wheat exhibited increased 
transpiration efficiency which is an important component of plant performance under 
drought stress. Morran et al., (2011) modulated the expression of CBF/DREB 
transcription factors to generate stress tolerance in wheat and barley. The generated 
wheat and barley plants were having CBF/DREB under constitutive (double 35S) and 
drought-inducible (maize Rab17) promoters. Both TaDREB2 and TaDREB3 
transgenic wheat plants showed slower growth, delayed flowering and lower grain 
yields relative to the non-transgenic controls. However, transgenic plants exhibited 
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improved survival under severe drought conditions relative to non-transgenic controls 
(Morran et al., 2011). While in this study although some delay in flowering was 
observed, but growth rate and yield data remained unaltered in transgenic tobacco 
under drought stress compared to non-transgenic control. It indicated that integration 
of FMV-DREB1A and SalT- DREB1A constructs had the potential to improve the 
growth of plants under water limiting conditions. 
DREB transcription factors are reported to be involved in abiotic stress tolerance, and 
regulate a number of functional genes related to drought, salinity and cold tolerance in 
plants. The use of the stress inducible promoter SalT reduced the negative effect of 
the constitutive promoters CaMV35S on the growth of the transgenic tobacco plants. 
These results indicated that the stress- inducible SalT promoter is quite useful to 
overexpress DREB1A for improving drought, salt and cold stress tolerance in 
transgenic tobacco. These results suggest that transformation of AtDREB1A gene 
under SalT promoter could be used to improve the drought tolerance of other 
agriculturally important crops such as wheat, cotton, maize etc. 
4.3. Cloning and expression of DREB1A and SUT2 genes in wheat 
Molecular plant breeders are trying to develop and commercialize transgenic wheat 
but  no transgenic wheat has been commercialized yet due to resistance from 
regulatory authorities. It is however, possible that permission to commercialize 
transgenic wheat is on the horizon. Developing abiotic stress tolerant high yielding 
transgenic wheat can contribute to minimize yield gap for increasing population for 
which breeders are looking forward to (Graybosch and Peterson, 2010). Integration of 
multidisciplinary approaches including molecular biology, physiology and breeding 
are needed to achieve maximum genetic potential for grain yield.  Performance  of 
newly developed transgenic wheat harboring  different promoter-gene combinations  
can be tested and promising lines can be screened under greenhouse and field 
conditions (Manavalan et al., 2009).  
To improve drought tolerance of wheat, DREB1A under SalT promoter and SUT2 
gene under LEA promoter were transferred in wheat cultivar “Bobwhite red”. This 
work was conducted at Plant Reproductive Biology Group, IPK Gatersleben, 
Germany. Meanwhile rd29A-DREB1A construct was also integrated in a local high 
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yielding wheat cultivar “Punjab-11” at Wheat Biotechnology Division, NIBGE 
Pakistan. Agrobacterium mediated transformation method was used for wheat 
transformation. Transgenic plants were confirmed for integration of the introduced 
gene by PCR using gene specific primers. Average transformation efficiency was 0.35 
% for SalT-DREB1A, 0.82 % for rd29A-DREB1A and 0.15 % for LEA-SUT2. These 
results were in line with Cheng et al., (1997) who developed first transgenic wheat 
through Agrobacterium method and found transformation efficiency of 0.14 % to 4.3 
%. While Jones et al., (2005) updated the methodology of Agrobacterium-mediated 
transformation of wheat and attained average transformation efficiency of 1 %. 
Similarly, Hensel et al., (2009) modified the wheat transformation protocol through 
Agrobacterium and attained a transformation efficiency of 2-10 %. 
Southern blot analysis of T1 transgenic events indicated that one to four copies of the 
introduced gene were integrated in the genome of transgenic wheat lines. Six 
transgenic lines of SalT-DREB1A, ten transgenic lines of rd29A-DREB1A and two 
transgenic lines of LEA-SUT2 showed single copy insertions. These results are 
similar to those showed by Cheng et al., (1997). Based on southern blotting of 26 
events, they found integration of one to five copies of the transgene into wheat 
genome and about 35 % plants contained single copy inserts in the wheat genome. 
Pellegrineschi et al., (2004) analyzed 12 transgenic lines of wheat by Southern 
blotting and found multiple integration of 1-10 copies. Low copy number is always 
preferred in transgenic plants and in this study, transgenic wheat lines having single 
copy were selected for analysis.   
The expression of the Actin and DREB1A genes under water stress was studied  in 
individual plants of T1 families by RT–PCR. As expected, the Actin gene was 
constitutively expressed in all plants before and after water stress. Transgenic plants 
of SalT-DREB1A, rd29A-DREB1A and LEA-SUT2 exhibited expression in wheat 
similar to that observed in transgenic wheat expressing DREB1A gene (Pellegrineschi 
et al., 2004).  
Germination ability of transgenic wheat lines harboring SalT-DREB1A, LEA-SUT2 
and rd29A-DREB1A under mannitol-stress conditions was significantly higher than 
wild type. After 4 days of germination on the medium containing 200 mM mannitol, 
only 14 % of WT seeds germinated and even those were in poor growth, whereas 
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more than 77 % SalT-DREB1A, 81 % LEA-SUT2 and 74 % rd29A-DREB1A 
transgenic seeds germinated efficiently. At 0 mM mannitol, both transgenic plants and 
wild type did not show any difference in germination suggesting that overexpression 
of DREB1A and SUT2 does not affect seed germination under normal conditions. 
This is an extremely positive observation showing that the introduced genes did not 
put a burden on normal physiological processes of the plant. It is one of the 
requirements of the regulatory authorities that the introduction of foreign sequences 
into plants should not disrupt the physiology of the plant and should not impose a 
penalty on the transgenic. The significantly higher germination rate of transgenic 
seeds than wild type under osmotic conditions supported the improved drought 
tolerance of DREB1A and SUT2 overexpressing plants. Similar results were observed 
in transgenic rice containing SNAC2 gene which enhanced seed germination on 150 
mM NaCl medium (Hu et al., 2008). However, Pellegrineschi et al., (2004) observed 
a delay in germination in the transgenic wheat seeds overexpressing DREB1A under 
rd29A promoter but no significant differences were observed between transgenic and 
control plants (Kasuga et al., 1999). The positional effects of transgenes can alter the 
gene expression and show phenotypic variation (Celebi-Toprak et al., 2005). 
Two experiments were conducted according to RCBD to examine the drought stress. 
In pot experiments, single copied T1 seeds of SalT-DREB1A, LEA-SUT2 and rd29A-
DREB1A transgenic lines were sown in big pots containing soil with respective wild 
type to examine the survival rate of transgenic lines. At post-anthesis stage, the plants 
were subjected to water stress by withholding water for two weeks. The control plants 
began to show water stress symptoms after 10 days. The transgenic wheat lines started 
to show water stress symptoms after two weeks of water stress. Then water was 
applied to both groups. It was observed that transgenic plants recovered and non-
transgenic plants did not. Similar results were found in plants expressing the 
DREB1A gene under rd29A promoter. These plants demonstrated substantial 
resistance to water stress compared to wild type control under greenhouse conditions. 
The drought resistance of these plants was evident  by a 10-days delay in wilting 
when water was withheld (Pellegrineschi et al., 2004). In an another study, transgenic 
plants expressing TaDREB2 and TaDREB3  showed improved survival under severe 
drought conditions relative to non-transgenic controls (Morran et al., 2011). CBF3 in 
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transgenic rice elevated tolerance to drought and high salinity but  impacted relatively 
low level of tolerance to low-temperature exposure (Oh et al., 2005).  
In the results of pot experiments it was confirmed that higher survival and recovery 
was observed in the transgenic wheat plants transformed with DREB gene 
(Pellegrineschi et al., 2004; Gao et al., 2009) and other crops such as rice (Dubouzet 
et al., 2003), maize (Qin et al., 2004) and soybean (Li et al., 2005).  
Pellegrineschi et al. (2004) conducted experiments under greenhouse conditions and 
exposed AtDREB1A transgenic wheat plants to the osmotic stress for 4-5 days by 
holding water. The transgenic plants showed tolerance to sever osmotic stress as 
compared to wild type control plants. In several studies conducted on transgenic 
plants for abiotic stress tolerance on the basis for agronomic and physiological 
prospects may give misleading conclusion, mainly due to the reason that various 
experiments are conducted under artificial stress conditions and at early growth stages 
(Bhatnagar-Mathur et al., 2008; (Yang et al., 2010).  
To examine the field performance of transgenic plants, T2 seeds of SalT-DREB1A, 
LEA-SUT2 and rd29A-DREB1A transgenic lines were planted in field using a 
randomized complete block design (RCBD) with three replications. No irrigation was 
applied till tillering stage. It was observed that transgenic wheat performed better 
under drought stress while non-transgenic wheat was severely affected by the drought 
stress. These results were similar to those obtained by Gao et al.,( 2009) who 
observed that GhDREB wheat transgenic lines were able to survive at higher rate after 
holding water for 20 days at stem elongation stage. The ultimate objective of 
developing transgenic crops is to increase grain yield under stress. Drought or stress 
inducible promoters have been used for constitutive transgene expression to avoid 
stunted plant growth (Kasuga et al., 1999; Morran et al., 2011). Then water was 
applied to recover the plants and again water was withheld at post-anthesis stage. All 
the agronomic and physiological parameters were taken into account at post-anthesis 
stage.  
Drought stress significantly affects the agronomic parameters of wheat. Transgenic 
plants consistently had a higher total number of tillers, plant height, flag leaf area, 
root length and 1000 grain weight. In this study, SalT-DREB1A overexpressing 
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transgenic lines WDZ1E14, WDZ2E19 and WDZ9BE8 attained higher plant height, 
number of tillers per plant, root length, flag leaf area and 1000 grain weight than wild 
type counterparts. Transgenic lines WSZ1 E1, WSZ1 E2 and WSZ6 E6 of LEA-SUT2 
performed well under drought stress and achieved higher number of tillers per plant, 
root length, flag leaf area and 1000 grain weight than wild type plants. Similarly 
rd29A-DREB1A transgenic lines Z-66, Z-99, Z-26 and Z29 obtained more height, 
transgenic line Z-26 showed profuse tillering and Z-9, Z10, Z-66 and Z-29 maintained 
higher flag leaf area, root length and 1000 grain weight compared to wild type plants. 
Similar results were observed by Pellegrineschi et al., (2004) that the DREB1A plants 
were able to develop and maintain higher number of heads and more branched root 
phenotype. The robust rooting system enables DREB1 transgenic plants to survive for 
longer time by utilizing soil moisture more efficiently. The DREB1 gene induced root 
response under drought and enhanced root growth and development  (Vadez et al., 
2012). Zhang et al., (2008) reported positive correlation between efficiency of dry 
matter accumulation during grain filling and harvest index. Moderate water deficiency 
during grain filling results in greater yield and water use efficiency due to increased 
assimilation rate. These results suggested that the introduction of AtDREB1A gene 
under SalT and rd29A promoters improved the drought tolerance of wheat crop 
resulting in enhanced agronomic performance. 
Water deficit stress known as drought stress has many physiological effects on plants 
like reduction in vegetative growth, leaf expansion and transpiration (Bota et al., 
2004). The drought or water stress disturbed net Photosynthetic rate, stomatal 
conductance and transpiration rate due to limited CO2 intake by leaves (Santos et al., 
2009). In the present study Relative water content, stomatal conductance, 
photosynthetic and transpiration rates were measured in all transgenic and wild type 
wheat lines. SalT-DREB1A transgenic lines WDZ1E14, WDZ2E19 and WDZ9BE8 
exhibited higher value of stomatal conductance, photosynthetic rate, transpiration rate 
and relative water content under stress condition than respective non-transgenic line. 
Physiological performance of transgenic lines WSZ1 E1, WSZ1 E2 and WSZ6 E6 of 
LEA-SUT2 revealed that these plants achieved higher relative water content, stomatal 
conductance photosynthesis and transpiration under drought stress than wild type 
plants.  Similarly rd29A-DREB1A over-expressing transgenic wheat lines Z-9, Z10, 
Z26, Z29 and Z66 maintained higher stomatal conductance, photosynthesis, 
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transpiration rate and relative water contents under stress condition than respective 
non-transgenic line. The present results are in agreement with the transgenic tobacco 
plants expressing 35S-DREB1A which showed higher photosynthetic activity than the 
control plants under drought stress as shown by measuring chlorophyll fluorescence 
(Kasuga et al., 2004).  Kohan and Bagherieh-Najjar, (2011) observed that over-
expression of DREB1A gene confers high tolerance to environmental stress and 
increase in photosynthesis activity, transpiration efficiency, shoot and root growth, 
water uptake, osmolytes accumulation and stabilizing membranes and 
macromolecules.  
Most  transgenic events of wheat exhibited increased transpiration efficiency which is 
one of the most important physiological parameter of drought tolerance under limited 
water (Passioura, 1977). Ashraf and O'Leary, (1996) reported that drought tolerant 
lines can be screened on the basis of transpiration rate, stomatal conductance and 
photosynthetic capacity under osmotic stress. Lower stomatal conductance restricts 
photosynthetic rate by decreasing the CO2 intake and transpiration rate. Normal plant 
growth and higher yield are directly related with photosynthetic efficiency. It was 
reported that drought tolerant  plants maintained their turgor at low osmotic potential 
due to higher stomatal conductance. Many plant scientists have reported genotypic 
differences in net photosynthetic rate, stomatal conductance and transpiration rate in 
various crop plants. (Manavalan et al., 2009). 
In the present study, positive relationship was observed among stomatal conductance, 
net photosynthetic rate and transpiration rate in the DREB1A overexpressing 
transgenic lines when subjected to drought stress. Ashraf, (1998) also reported 
positive relationship between transpiration rate, net photosynthetic rate and stomatal 
conductance. These traits could be used as physiological makers for wheat 
improvement under osmotic stress.  
Conclusion 
The major aim of this study was to develop drought tolerant wheat. Initially, different 
promoters and drought responsive genes were tested in model systems (tobacco and 
barley).  The best performing constructs were transformed into wheat. It was observed 
that SalT promoter is an important addition to the arsenal of strong and stress 
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inducible promoters for the genetic transformation of mono-cotyleonous species. This 
promoter lead to induced expression of GFP and GUS genes in barley. On the basis of 
results in barley, SalT promoter was cloned with DREB1A and transformed in 
tobacco (model system) and wheat. The SalT-DREB1A transgenic tobacco plants 
performed better under drought stress conditions than transgenic tobacco plants 
containing DREB1A gene under FMV promoter. Similarly, transgenic wheat 
containing DREB1A gene under SalT promoter and rd29A promoter lead to more 
abiotic stress tolerance, germination ability, photosynthesis, transpiration rate, 
stomatal conductance, number of tillers per plant, flag leaf area and 1000 grain weight 
without any growth abnormalities than wild type. Sucrose transporter 2 (SUT2) gene 
was also transformed into wheat and was characterized for drought tolerance. This 
gene performed better under LEA promoter in wheat under drought stress conditions. 
On physiological basis, it was observed that LEA-SUT2 transgenic wheat gained 
more relative water contents, photosynthesis, transpiration rate and stomatal 
conductance under water stress conditions than wild type wheat. Based on results, it 
was concluded that SalT-DREB1A and LEA-SUT2 transgenic wheat performed well 
under water limiting conditions and the problem of food security can be overcome by 
the induction of this transgenic wheat in drought prone area of Pakistan. 
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APPENDICES 
 
Appendix # 1  Primer designing (principles) 
1. Determination of particular restriction sites on vector as well as in the primers. 
2. Make it sure that same restriction site is not present within the coding region 
of the target gene. 
3. Primers should not be complementary to each other in order to avoid primer 
dimer formation.  
4. Primers should not contain less than 50 % GC content. 
5. Annealing temperature of primers should be considered. 
 
Appendix # 2  Agarose gel electrophoresis 
DNA fragments were separated by electrophoresis on 1 % (w/v) agarose gels in 0.5 X 
TAE buffer containing ethidium bromide (10 mg/ml). Fragment sizes were estimated 
by comparison with Fermentas 1 kb DNA ladder. Fermentas 6 X DNA loading dye 
was used. 
 
Appendix # 3  50X Tris-acetate EDTA buffer (TAE) 
Tris base    242 gm 
Glacial acetic acid   57.1 ml 
0.5 M EDTA (pH 8.0)  100 ml 
Make up the final volume with distilled water to 1000 ml. 
 
Appendix # 4  Preparation of electro-competent cells of E. coli DH5-α 
1. A single colony from a freshly grown plate of DH5-_ (GIBCO-BRL, USA) 
was picked and transferred into 100 ml LB medium in 1 liter flask and 
incubated at 37 0C overnight with vigorous shaking. 
2. 2.5 ml of the overnight culture was taken and transferred to 250 ml LB in 1000 
ml flask and shaken vigorously at 37 OC until OD 600 of 0.5-1.0 (cells/ml). 
3. The cells were transferred aseptically to sterile disposable 50 ml propylene 
tube.  
4. The culture was cooled by keeping on ice for 10 minutes. 
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5. The cells were pelleted by centrifugation at 5000 rpm at 4 OC for 15 minutes 
and resuspended in one of volume sterile cold distilled water. 
6. The cells were pelleted by centrifugation at 5000 rpm at 4 OC for 15 minutes 
and resuspended in 0.5 volume of sterile cold distilled water. 
7. The cells were pelleted by centrifugation at 5000 rpm at 4 OC for 15 minutes 
and resuspended in 0.02 volume of sterile cold distilled water. 
8. The cells were again pelleted by centrifugation at 5000 rpm for 15 minutes 
and suspended finally in 0.002-0.003 volume sterile 10 % cold glycerol. 
9. The cells were stored in aliquots of 50 μl or 100 μl at -70 OC. 
 
Appendix # 5  Transformation in E. coli DH5-α by electroporation 
For electroporation following protocol was used. 
1. Electroporation cuvetts 2 mm gap were placed on ice. 
2. Vials of frozen electrocompetent cells of DH5-α were allowed to thaw on ice. 
3. 2µ l of ligation mixtures was pipetted into Eppendorf tube containing the 
competent cells and was mixed gently with the pipette tip. 
4. The conditions for electroporation were: 
i. Choose mode T   2.5 KV 
ii. Set resistance R   R5 (129 ohm) 
iii. Chamber gap    2 mm 
iv. Set charging voltage   2.45 KV 
5. The electrocompetent cells containing the ligation mixture were transferred to 
electroporation cuvette. 
6. Pulse was given and 1 ml of liquid LB medium was added immediately, mixed 
gently and transferred to a 1.5 ml Eppendorf tube and incubated at 37 OC for 
45 minutes with vigorous shaking. 
7. 100 µl of transformed culture was spread on solid LB medium having 100 
mg/ml ampicillin. 
8. After the liquid was absorbed completely. The plates were sealed with sealing 
film and kept at 37 0C in incubation for over night. 
9. Colonies were picked with sterile toothpicks and cultured in 3 ml liquid L.B 
medium containing 100 mg/ml ampicillin. 
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10. Culture tubes were kept at 37 OC in water bath for over night with vigorous 
shaking. 
11. Plamid was isolated and checked on 1 % agarose gel. 
12. Plasmid DNA was digested with Hind III and Bam H I restriction enzymes for 
screening. 
13. Confirmed colonies were marked, preserved in 50 % glycerol and stored at -70 
OC for further use. 
 
Appendix # 6     Preparation of electro-competent cells of Agrobacterium 
1. A single colony from a freshly grown plate of LBA 4404 was picked and 
inoculated into 100 ml LB liquid medium in 250 ml autoclaved flask using 
sterile toothpick and incubated at 28 OC for 48 hours with vigorous shaking. 
2. 5 ml of the 48 hours grown culture was re-inoculated into 1 liter flask 
containing 250 ml of the same LB medium and incubated at 28 OC untill OD 
600 of cells were become 0.5-1.0 (1010 cells/ml). 
3. The cells were transferred aseptically to ice cold 50 ml propylene tube and 
kept cool on ice for 30 minutes. 
4. The cells were then centrifuged at 4000 rpm for 10 minutes in a benchtop 
Sorvall RT6000 refrigerated centrifuge at 4 OC. The supernatant was decanted 
and the cells were pelleted and then resuspended in 50 ml of sterile cold 
ddH2O. 
5. The cells were again centrifuged at 4000 rpm in the same centrifuge at 4 OC 
for 10 minutes. The supernatant was decanted and the cells were pelleted, then 
resuspended in 25 ml of sterile cold ddH2O. 
6. After another wash cells were resusended in 10 ml sterile cold ddH2O 
containing filter sterilized cold 10 % glycerol. This wash was repeated. 
7. Finally the cells were resuspended in 1-1.5 ml filter sterilized cold 10 % 
glycerol, aliquoted in 50 μl and stored at -70 OC. 
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Appendix # 7  Transformation of clones in Agrobacterium by 
 electroporation 
Only 2 μl of each clone was used for electro-transformation by electro cell 
manipulator 600 (BTX San Diego, California). For electroporation the following 
protocol was used. 
1. Electroporation cuvettes 1 mm gap were placed on ice. Viols of frozen 
electrocompetent cells of Agrobacterium were allowed to thaw on ice. 
2. 1 μg DNA of the recombinant plasmid was mixed with 50 μl of electro-
competent cells in the electroporation cuvettes on ice. 
3. The condition for electroporation were set as recommended by the 
manufacturer: 
    Choose mode T   2.5 KV 
Set resistance R   R5 (129 ohm) 
Set charging voltage   1.44 KV 
4. The electro-competent cells containing the DNA mixture were transferred to 
electroporation cuvette. 
5. Pulse was given and 1 ml of liquid LB medium was added immediately, 
mixed gently and transferred to a 1.5 ml eppendorf tube and incubated at 28 
°C for 1 hour with vigorous shaking. 
6. 200 μl and 400 μl of transformed culture were spread on petri plates 
containing solid LB medium supplemented with 50 μg of rifampicin and 50 
μg of kanamycin/ml, so that only transformed cells should multiply. 
7. When the liquid was absorbed completely the plates were sealed with sealing 
film and kept at 28 °C for 2-3 days. 
8. At the end of incubation colonies were picked with sterile toothpicks and 
cultured in 5ml liquid LB medium in 50 ml tube containing 50 μg of 
rifampicin and 50 μg of kanamycin /ml. 
9. Culture tubes were kept at 28 °C on shaker in Agrobacterium growth room for 
48 hours with vigorous shaking. 
10. Transformants were confirmed through PCR. 
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Appendix # 8  Mini prep solutions 
 
Solution I (suspension buffer) 
Tris (pH 7.4-7.6)   50 mM 
EDTA    1 mM 
RNase    100 mg/ml 
 
Solution II (Denaturation solution) 
NaOH     0.2 N 
SDS     1 % 
 
Solution III (Neutralization solution) 
Potassium acetate   3 M 
Glacial acetic acid   11.5 ml/100ml 
pH     4.8-5.0 
 
Appendix # 9  Plasmid isolation from E.coli: alkaline lysis method 
                                    (miniprep) 
Following protocol was used for the isolation of plasmid DNA from E. coli. 
1. A single E. coli colony was cultured in 3 ml liquid LB medium containing 100 
mg/mlampicillin or 50 mg/ml kanamycin and grown overnight at 37 °C. 
2. The E. coli culture was centrifuged in 1.5 ml eppendorf tube at 14000 rpm for 
1 minute. 
3. The supernatant was discarded and the pellet was allowed to dry on tissue 
paper. 
4. 200 ml of solution I was added to eppendorf tube and the pellet was suspended 
in the solution with the help of vortex. 
5. 200 ml of solution II was added to eppendorf tube and mixed well by inverting 
gently and incubate for 5 minutes at room temperature. 
6. 200 ml of solution III was added to eppendorf tube mixed well and incubate 
for 5 minutes at room temperature then centrifuged at 14000 rpm for 5 
minutes. 
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7. The supernatant was taken in fresh eppendorf tube and two volume of 100 % 
ethanol were added. 
8. The eppendorf tube was kept at -20 °C for 20 minutes and then centrifuged at 
14000 rpm for 10 minutes. 
9. The supernatant was discarded and the pellet was washed with 70 % ethanol 
and pellet was air-dried. 
10. 20 ml of sterile distilled water was added to the pellet to dissolve DNA and 
was stored at -20 °C. 
11. The plasmid concentration and quality were detected by 1 % agarose gel using 
stranded DNA markers. 
 
Appendix # 10 QIA quick Gel Extraction protocol 
1. Excise the DNA fragment from the agarose gel with a clean, sharp scalpel. 
2. Weigh the gel slice in a colorless tube. Add 3 volumes Buffer QG to 1 volume 
gel (100 mg ~ 100 μl). For >2 % agarose gels, add 6 volumes Buffer QG. 
3. Incubate at 50°C for 10 min (or until the gel slice has completely dissolved). 
Vortex the tube every 2–3 min to help dissolve gel. 
4. After the gel slice has dissolved completely, check that the color of the 
mixture is yellow (similar to Buffer QG without dissolved agarose). If the 
color of the mixture is orange or violet, add 10 μl 3 M sodium acetate, pH 5.0, 
and mix. The color of the mixture will turn yellow. 
5. Add 1 gel volume of isopropanol to the sample and mix. Place a QIAquick 
spin column in a provided 2 ml collection tube or into 
6. To bind DNA, apply the sample to the QIAquick column and centrifuge for 1 
min  
1. through the column. Discard flow-through and place the QIAquick column 
back into the same tube. For sample volumes of >800 μl, load and spin/apply 
vacuum again. 
7. If the DNA will subsequently be used for sequencing, in vitro transcription, or 
microinjection, add 0.5 ml Buffer QG to the QIAquick column and centrifuge 
for 1 min. Discard flow-through and place the QIAquick column back into the 
same tube. 
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8. To wash, add 0.75 ml Buffer PE to QIAquick column and centrifuge for 1 
min. Discard flow-through and place the QIAquick column back into the same 
tube. 
2. Note: If the DNA will be used for salt-sensitive applications (e.g., sequencing, 
3. blunt-ended ligation), let the column stand 2–5 min after addition of Buffer 
PE. 
9. Centrifuge the QIA quick column once more in the provided 2 ml collection 
tube for 1 min at 17,900 x g (13,000 rpm) to remove residual wash buffer. 
10. Place QIA quick column into a clean 1.5 ml micro-centrifuge tube. 
11. To elute DNA, add 50 μl Buffer EB (10 mM Tris·Cl, pH 8.5) or water to the 
center of the QIA quick membrane and centrifuge the column for 1 min. For 
increased DNA concentration, add 30 μl Buffer EB to the center of the QIA 
quick membrane, let the column stand for 1 min, and then centrifuge for 1 
min. After the addition of Buffer EB to the QIA quick membrane, increasing 
the incubation time to up to 4 min can increase the yield of purified DNA. 
12. If the purified DNA is to be analyzed on a gel, add 1 volume of Loading Dye 
to 5 volumes of purified DNA. Mix the solution by pipetting up and down 
before loading the gel. 
Appendix # 11 LB (Luria-Bertani) medium 
Tryptone    1.0 % 
Yeast extract    0.5 % 
NaCl     0.5 % 
Agar     1.5 % 
Adjust pH to 7.5 and autoclave. 
 
Appendix # 12 6X Gel loading buffer 
Bromophenol blue   0.25 % (w/v) 
Xylene cyanol FF   0.25 % (w/v) 
Glycerol    30.0 % (v/v) 
Dissolve in distilled water. 
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Appendix # 13   1 kb ladder 
 
 
 
 
 
 
 
 
 
              
Appendix #14 Components of MS salt 
____________________________________________________ 
Macro Elements   mg/l    20 x (g/l) 
____________________________________________________ 
KNO3     1900    3.8 
KH2PO4    170    3.4 
MgSO4    370    7.4 
CaCl2     440    8.8 
NH4NO3    1650    3.3 
             ____________________________________________________ 
           Micro Elements   mg/l    50 x g/500ml 
____________________________________________________ 
H3BO3     6.2    0.31 
MnSO4    16.9    1.115 
ZnSO4.7H2O    8.6    0.43 
KI     0.83    0.0415 
NaMO4 2H2O    0.25    0.0125 
CuSO4 2H2O    0.025    0.00125 
CoCl2 6H2O    0.025    0.00125 
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Appendix #15  Co-Culture medium for barley transformation (CCM) 
 (Tingay et,al 1997)                                    
Components    Ingredients   Concentration 
Macroelements  (mgL
-1
)    
  
NH4NO3 
NO3  
KH2PO4  
CaCl 
H2O 
MgSO4·7H2O        
1650 
1900 
170 
2 
441 
331 
Microelements   (mgL
-1
)
             
    
H3BO3  
MnSO4·4H2O 
 ZnSO4·7H2O  
KI  
Na2MoO4·2H2O  
CuSO4·5H2O  
CoCl2·6H2O  
Na2FeEDTA 
6.2 
22.4 
8.6 
0.83 
0.25 
0.025 
0.025 
36.70 
Vitamins           (mgL
-1
)
                         
Thiamine-HCl         1.0 
Amino acids      (mgL
-1
)
           
     
L-Cysteine  
L-Proline             
800 
690 
Sugars                   (gL
-1
)
   
Maltose monohydrate  
(Duchefa)       
30 
Growth regulators    (mgL
-1
) DICAMBA   2.50 
Miscellaneous        (gL
-1
)
   
     
Acetosyringone  
Casein Hydrolysate 
Myo-Inositol  
pH   
0.098 
1.00 
0.25 
5.8 
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Appendix # 16   Callus Induction Medium for barley immature embryo  
   transformation (CIM) (Hensel & Kumlehn 2004)            
Components    Ingredients   Concentration 
Macroelements  (mgL
-1
)
  
NH4NO3 
NO3  
KH2PO4  
H2O 
MgSO4·7H2O        
1650            
1900 
170 
441 
331 
Microelements    (mgL
-1
)
             
    
H3BO3  
MnSO4·4H2O 
 ZnSO4·7H2O  
KI  
Na2MoO4·2H2O  
CuSO4·5H2O  
CoCl2·6H2O  
Na2FeEDTA 
6.2 
22.4   
8.6 
0.83 
0.25   
1.275 
0.025 
36.70 
Vitamins           (mgL
-1
)
                           
Thiamine-HCl         1.00      
Amino acids     (mgL
-1
)
     
L-Proline             690 
Sugars                  (gL
-1
)
   
Maltose monohydrate  
(Duchefa)       
30 
Growth regulators (mgL
-1
)
  
DICAMBA    2.50  
 
Miscellaneous       (gL
-1
)
   
   
    
   
Casein Hydrolysate 
Myo-Inositol  
Timentin  
Phytagel    
pH   
1.00 
0.25 
0.15 
3.0 
5.8 
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Appendix # 17   Regeneration Medium for barley immature embryo of  
 transformation (Hensel & Kumlehn 2004) 
Components           Ingredients   Concentration 
Macroelements  (mgL
-1
)    
  
NH4NO3 
NO3  
KH2PO4  
CaCl 
H2O 
MgSO4·7H2O        
320 
3640 
340 
2 
441 
246 
Microelements (mgL
-1
)
             
    
H3BO3  
MnSO4·4H2O 
 ZnSO4·7H2O  
KI  
Na2MoO4·2H2O  
CuSO4·5H2O  
CoCl2·6H2O  
Na2FeEDTA 
3.10 
11.20 
7.20 
0.17 
0.12 
0.13 
0.024 
36.70 
Vitamins               (mgL
-1
) 
                           
B5 Vitamins (Duchefa  
Thiamine-HCl         
112 
10 
Amino acids    (mgL
-1
)
     
L- Glutamine             146 
Sugars                     (gL
-1
) 
   
Maltose monohydrate  
(Duchefa)       
36 
 
Growth regulators (mgL
-1
) 
  
6-BAP    0.225 
Miscellaneous         (gL
-1
) 
    
   
Timentin  
Phytagel    
pH   
0.15 
3.0 
5.8 
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Appendix # 18   MS0 medium for tobacco transformation 
Components Concentration  
(for 1 liter medium) 
Preparation 
MS Basel salts  4.3 g Add all components into ddH2O  
sucrose 30 g 
vitamin B5 50 mg 
Phyto-agar 15 g Set the pH at 5.8 then add 
 
Appendix # 19   Co-culture medium for tobacco transformation 
Components Concentration 
(for 1 liter medium) 
Preparation 
MS Basel salts  4.3 g Add all components into ddH2O  
 sucrose 30 g 
vitamin B5 50 mg 
BAP 1.0 mg 
NAA 0.1 mg 
Phyto-agar 15 g Set the pH at 5.8 then add 
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Appendix # 20 Callus induction cum Regeneration medium for tobacco  
transformation                               
Components Concentration 
(for 1 liter medium) 
Preparation 
MS Basel salts  4.3 g Add all components into ddH2O  
Sucrose 30 g 
vitamin B5 50 mg 
BAP 1.0 mg 
NAA 0.1 mg 
Phyto-agar 15 g Set the pH at 5.8 then add 
Cefotexime 500 mg Autoclave and pour into plates 
 
Appendix # 21  Root/ Shoot induction medium for tobacco transformation 
Components Concentration 
(for 1 liter medium) 
Preparation 
MS Basel salts  4.3 g Add all components into ddH2O  
Sucrose 30 g 
vitamin B5 50 mg 
NAA 0.2 mg 
Phyto-agar 15 g Set the pH at 5.8 then add 
Cefotexime 250 mg Add after autoclave and pour into 
Jars 
Basta  
Hygromycin  
2 mg 
25 mg 
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Appendix # 22 Pre-Culture Media (DM/8Dic) for wheat immature embryo  
transformation 
Component Concentration 
(for 1 liter medium) 
Preparation 
MS Basel salts Mixture 4.3 g Add and mix all components 
into ddH2O  
Maltose 40 g 
Glutamin 500 mg 
Casein 100 mg 
CuSo4 (10mM) 500 µl 
Phytagel 2.5 g Set the pH at 5.8 then add 
MS-Vitamins  
(100 mg/ml) 
1 ml Add after autoclave and pour 
into petri plates 
Ascorbic acid  
(100 mg/ml) 
1 ml 
Dicamba(8 mg/ml)  8 ml 
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Appendix # 23 Co-Culture Medium for wheat immature embryo   
                                   transformation 
Component  Concentration  
(for 1 liter medium) 
Preparation 
MS Basel salts Mixture 4.3 g Add all components into 
ddH2O  
 
Sucrose 15 g 
Glucose 15 g 
Glutamin 500 mg 
Casein 100 mg 
2,4 D (20/100) 30  ml   (6.6 mg) 
CuSo4 (10mM) 500 µl Set the pH at 5.8 and 
autoclave 
MS-Vitamins (100 mg/ml) 1 ml Add after autoclave  
Ascorbic acid (100 mg/ml) 1 ml 
Acetosyringone (1M)  500 µl 
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Appendix # 24 Callus induction cum selection media for wheat immature 
embryo transformation 
Component  Concentration 
(for 1 liter medium) 
Preparation 
MS Basel salts Mixture 4.3 g Add and mix all components 
into ddH2O  
 
Maltose 40 g 
Glutamin 500 mg 
Casein 100 mg 
2,4 D (20/100)  10 ml  (2.2 mg) 
CuSo4 (10mM) 500 µl 
Phytagel 2.5 g Set the pH at 5.8 then add 
MS-Vitamins (100 mg/ml) 1 ml Add after autoclave and pour 
into petri plates 
Ascorbic acid(100 mg/ml) 1 ml 
Timentin(150 mg/ml)  1 ml 
Hygromycin   100 mg add in case of selection  
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Appendix # 25   Regeneration Medium for wheat immature embryo  
transformation 
Component Concentration 
(for 1 liter medium) 
Preparation 
MS Basel salts Mixture 4.3 g  Add and mix  all components 
into ddH2O  
Maltose 20 g  
N-Z Amine   1 g  
CuSo4 (10 mM) 500 µl  
Kinetin   100 µl 
Phytagel 2.5 g  Set the pH at 5.8 then add 
and autoclave 
Zeatin Riboside  5 mg  Add after autoclave 
Timentin    150 mg 
Dicamba(8 mg/ml)  8 ml  
Hygromycin  25 mg  Add in case of selection cum 
regeneration  
 
 
Appendix # 26 CTAB Reagents 
 
2x CTAB 
2% CTAB (w/v) 
100 mM Tris (pH8.0) 
20 mM EDTA (pH8.0) 
1.4 M NaCl 
1% PVP (polyvinylprrolidone) 
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Appendix # 27 CTAB method for isolating total genomic DNA modified by 
Doyle and Doyle, (1990) 
1. Take 20 ml 2X cetyltriethylmethylammonium bromide (CTAB) and 100 µl 2-
mecraptoethanol in 50ml falcon tube. Keep the tube in water-bath at 65oC for 
30 minutes. 
2. Collect fresh leaves in liquid nitrogen. Grind the sample (1 gm) to a fine 
powder. 
3. Pour the hot 2X CTAB in ground powder suspend and incubate at 65oC for 30 
minutes with occasional swirling. 
4. Add equal volume of chloroform: isoamyl alcohol (24:1) and mix gently. 
5. Centrifuge at 9000 rpm for 10 min at room temp. Take the upper phase in a 50 
ml tube and add 2.5 volume of absolute ethanol. Remove the threads of 
chromosomal DNA. Leave the tubes over night for viral DNA precipitation at 
room temp. 
6. Next day centrifuge at 9000 rpm for 5 min. 
7. Decant the supernatant and wash the pellet with 5 ml absolute ethanol. 
8. Centrifuge and dry. Dissolve the pellet in 1 ml double distilled autoclaved 
water, transfer to an Eppendrof tube and spin for 2-3 minutes. 
9. Take the supernatant in another tube and run 10 _l on 1% agarose gel to check 
the concentration of viral DNA. 
 
Appendix # 28 Southern hybridization analysis 
Southern blotting 
1. Digest an appropriate amount of genomic DNA with one or more restriction 
enzymes. 
2. Separate the fragments of DNA by electrophoresis through 1X agarose gel. 
3. After electrophoresis is complete take a photograph the gel. Place a 
transparent ruler alongside the gel so that the distance that any band of DNA 
has migrated can be read directly from the photographic image. 
4. For depurination of DNA, soak the gel in 0.2 N HCl solution and agitate 
gently for 5 minutes. (Repeat the process 2 time) 
5. Denature the DNA by soaking in a denaturing (alkaline) solution (0.5 M 
NaOH+1.5 M NaCl) as follows: 
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a. Soak the gel for 15 minutes at room temperature in several volumes of 
alkaline transfer buffer with constant gentle agitation. 
b. Change the solution and continue to soak the gel for a further 20 
minutes with gentle agitation. 
6. Neutralize the gel by neutralization solution [1.0 M Tris (pH 7.4) + 1.5 M 
NaCl] as follows: 
a. Soak the gel for 15 minutes at room temperature in several volumes of 
neutralization solution with constant gentle agitation. 
b. Change the solution and continue to soak the gel for a further 15 
minutes with gentle agitation. 
c. Change the solution and repeat again the same process for 15 minutes. 
7. Use a paper cutter to cut a piece of nylon or nitrocellulose membrane approx. 
1 mm larger than the gel in each dimension. Also cut two sheets of thick 
blotting paper to the same size as the membrane. 
IMPORTANT: Use appropriate gloves and blunt-ended forceps to handle the 
membrane. A membrane that has been touched by oily hands will not wet. 
8. Float the membrane on the surface of a dish of deionized H2O until it wets 
completely from beneath, and then immerse the membrane in the appropriate 
transfer buffer for at least 5 minutes. Use a clean scalpel blade to cut a corner 
from the membrane to match the corner cut from the gel. 
9. While the DNA is denaturing, place a piece of thick blotting paper on a sheet 
of a glass plate to form a support that is longer and wider than the gel. The 
ends of the blotting paper should drape over the edges of the plate. Place the 
support inside a large baking dish. 
10. Fill the dish with the transfer buffer [5X SSC (pH 7.0)] until the level of the 
liquid reaches almost to the top of the support. When the blotting paper on the 
top of the support is thoroughly wet, smooth out all air bubbles with a glass 
rod. 
11. Remove the gel from the solution and invert it so that its underside is now 
uppermost. Place the inverted gel on the support so that it is centered on the 
wet blotting paper. Make sure that there are no air bubbles between the 
blotting paper and the gel. 
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12. Wet the top of the gel with the transfer buffer. Place the wet membrane on top 
of the gel so that the cut corners are aligned. To avoid bubbles, touch one 
corner of the membrane to the gel and gently lower the membrane onto the 
gel. One edge of the membrane should extend just over the edge of the line of 
slots at the top of the gel.  
IMPORTANT: Do not move the membrane once it has been applied to the 
surface of the gel. Make sure that there are no air bubbles between the 
membrane and the gel. 
13. Surround and cover the gel with Saran Wrap. 
14. Wet the two pieces of thick blotting paper in the appropriate transfer buffer 
and place them on top of the wet membrane. Roll a pipette across the surface 
of the membrane to smooth away any air bubbles. 
15. Cut or fold a stack of paper towels (5-8 cm high) just smaller than the blotting 
papers. Place the towels on the blotting papers. Put a glass plate on top of the 
stack and weigh it down with a 400-g weight. 
16. Allow the transfer of DNA to proceed for 24 hours. Replace the paper towels 
as they become wet. Try to prevent the entire stack of towels from becoming 
wet with buffer. 
17. Remove the paper towels and the blotting papers above the gel. Turn the gel 
and the attached membrane over and lay them, gel side up, on a dry sheet of 
blotting paper. Mark the positions of the gel slots on the membrane with a 
very soft lead pencil or a ballpoint pen. 
18. Peel the gel from the membrane and discard the gel. 
19. Place the membrane on a dry peace of blotting paper and cross link DNA to 
the membrane by UV irradiation. 
20. Saran-wrap the membrane and can be stored at room temperature for long 
duration. 
 
Hybridization of radiolabeled oligonucleotide probes 
1. Roll and adjust the membrane in hybridization bottle in a way, the surface of 
the membrane where the DNA is not attached should be attached to the 
internal surface of the bottle. 
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2. Pre-hybridize the membrane by adding 25 ml pre-hybridization solution in the 
bottle and incubate for 2 hours in hybridization chamber at 65 °C. 
3. Add radiolabeled oligonucleotide probe in the hybridization bottle and 
incubate at 65 °C for 16-24 hours. 
4. Discard the hybridization solution and wash the membrane with washing 
solution I at 65 °C for 30 minutes. 
5. Discard the solution I, and wash the membrane with solution II for 15 minutes 
at room temperature. 
6. Expose the membrane to X-ray film and take autoradiograph. 
 
Appendix # 29 Benzyl amino purine: 
Dissolve 50 mg benzyl amino purine in 1 ml 1M NaOH, then add distilled water drop by drop 
while shaking and make volume up to 10 ml. Use 200 µl of this stock for 1 L of medium to 
make concentration of 1 mg L
-1 
Appendix # 30 Naphthalene Acetic Acid 
Dissolve 10 mg naphthalene acetic acid in 1 ml 1M NaOH, then add distilled water drop by 
drop while shaking and make volume up to 10 ml. Use 100 µl of this stock for 1 L of medium 
to make concentration of 1 mg L
-1 
Appendix # 31 Antibiotic stocks 
Kanamycin (stock 100 mg/ml) 
1. Kanamycin-sulphate (1000 mg/10 ml) 
2. Double distilled water up to 10 ml volume. 
Double distilled de-ionized water was used for stock and final stock was filter 
sterilized using millipore filters of 0.22μm and stored at –200C in aliquots. 
 
Cefotaxime (Claforan) (stock 100 mg/ml) 
1. Cefotaxime (1000 mg/10 ml) 
2. Double distilled water up to 10 ml volume. 
Double distilled de-ionized water was used for stock and final stock was filter 
sterilized using millipore filters of 0.22μm and stored at –200C in aliquots. 
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Ampicilin (stock 100 mg/ml) 
1. Ampicilin (1000 mg/10 ml) 
2. Double distilled water up to 10 ml volume. 
Double distilled de-ionized water was used for stock and final stock was filter 
sterilized using millipore filters of 0.22 μm and stored at –200 oC in aliquots. 
 
Appendix # 32 
Antibiotics Stock Conc. Working Conc. Solvent 
Kanamycin 50 mg mL
-1
 50 mg L
-1
 Water 
Ampicillin 100 mg mL
-1
 100 mg L
-1
 Water 
Rifampicin 50 mg mL
-1
 50 mg L
-1
 Methanol 
Cefotaxime 100 mg mL
-1
 250 mg L
-1
 Water 
Spectinomycin  100 mg mL
-1
 100 mg L
-1
 Water  
Timentin 160 mg mL
-1
 160 mg L
-1
 Water  
Hygromycin 50 mg mL
-1
 25 mg L
-1
 Water  
Basta 10 mg mL
-1
  2 mg L
-1
 Water  
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Appendix # 33  Map of pNos-AB-M vector 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix # 34  Map of p6U vector 
 
 
 
p6U
10493 bps
Pst I 10
Xba I 42
Pvu I 607
Xho I 709
Bgl II 956
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EcoRI 1787
Pst I 1877
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